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Qtparal latrodactl^on 


Ttaxtf •Immta &empf a, unlquo place as dletaxT- eonstltaants 
profoondl/ Inflaeaes snlsal* plant and sicveblal m«tal»olisis. ‘%e 
rsqulrmcnt for these eXesents has been found to be rery Xoir, though their 
S8s«ctialitj has been proved b^nd doubt. As iMirly as I06O, Pasteur 
has shown that yeast will grow only when the medium is supplemented witb 
inorganie eoapomuls* The iiiqportanoe of inorganio salts in the growth of 
plants and animals has baen rwiliaed by the pi«mearlng eontilbuticms of 
Sachs and. and (^risMune and Hmdal reapeetively. 

Matals like iron* iioi^>er* molybdenum* sine* manganese* (M>balt and 
a few o^era have a wide variety of funstions to perform in the living oell. 
They form part of aaveral proteins and thus govern the strueture and function 
of metalloprotains. In addition* metal ions hawo activating or inhibiting 

effects on the aotivitios of several enzymes. Vitamin BI 2 oontains eobalt 
and the hormones insulin and thyroxine contain zine and iodine respeetlwely. 
Metals have be«i detected to be present In nuoleio aelds (1) though their 
role in nuoleio sold strueture and function is not clear 

An impressive amount of data has accumulated on the possible sites 
of trace elsment fimotion. But still* knowledge has to be gained especially 
on the meohanisms involved In the transport of these metals to speoiflo 
sites* since the competing metabolites are many and are of different 
molecular 


Two approaches are gMierally available in a study of the metabolism 
of trace elements. One is to create a straight deficiency of the eonoemed 
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trao« •IflWRst in ths •3q>«rSji«at«l orgatiion and study- tho aatabolle 
daraagsaasits tbat ara produead* Tlia T«nr law raquireuant of tho traeo 
olwawut aakas It posiiblo that a sll^t oscoosii ooor tho optlaal roqulrmiont 
asauaos a toxio lovol and thus tho study of traco oloanKit toxlelty fonts the 
soeond approaoh to this pnihlon. Those approaehes are obviously- the results 
of the diagpoesis of eeriaiit typos of aniaal and plant disMses as due to a 
traeo eleamit defieleiwj or tozielty. To mmtion only a fee eioiaples, 
ehlorosis in plants has bsen attributed to a gross iron dsfleimey* 

Holybdwtua dof^oieney in eauHfloHor oausos tho eharaotoroetie *ifhiptail' 
dinoase* Pining dissaso in sheep has hem attributed to eobalt dsfieloney* 
Soloniua toxioity emasM alkali disuse in oattle. An inadequate intake 
or utilisation of iodido oausos goiter in aan. 

The defieieney or toxioity of a trace oloasnt oan oause charaoterestlo 
lesions In the eaperiiumtal organism as well as create ccmplex effects. 

Aasr Bothstsin (2) has discussed the situation arising out of toxlcologleal 
studies aM eonoludes that the *toxio ohemioal substances set ultimately by 
ohemloal reactions witii bloehemieal substances In oells. In consequence, 
a eellular function is disturbed whleh manifests Itself in an observed 
toxloologioal response in the animal. The chain of events between the 
original chonloal Insult and the final observed response may be so very 
oomplieated that one might seriously doubt that toxleologiosl actions can 
ever bo tracked to initial <di8nleal events. Fortunntoly, they sometimes can. 
All too often, however, the limiting factor is the fund of knowledge concerning 
those normal patterns of cellular function at the chemical level, which can 
be disturbed by the toxic agents. For this reason, toxicological studies 
at the cellular level are doubly useful, leading not only to information 
oonoeming the mechanism of toxic jresponse, but also to fundamental biologleal 



3 


eots 0 «niliig ««llalar It is tbs pmsla* of tha 

prsBWEit tbMis that haiavy nstaXs ean aarv* this ifUBOtioh* Spoolflo oasas 
of eobalt and olekal tcMdoitios hava baxm atttdlod In the aold Mearosoora 
oraaaa and the thaais la adtaaead that au^ a atudT' has lad to t 

1. An nndaratandiag hf amtm aapaota of nornal inna natahollsn of this 
erganian* 

2. An appraelatioB of tha aahtlar diffarmieaa in tha toixlcologloal 
raaponami evoked hgr oloaaly related el«menta Uke oobalt and niokel 
deepite a gross aUkllarlty in overall aetion* 

The literatore pertaining to the available Infomation on the role 
of trace elttsants in natabolian and Instanees of Ion antagm^ms have been 
vevT' irell diseussed (3*^«5)* In the following pages* the literature 
pertaining to the effects of oobalt and niokel toxleitles as well as Iron 
dofiolwioy* and the aetabolio Implioatlons arislsng out of these 
have been briefly reviewed. The review has bean restriotad for the 
part to studies on aicroorganisas. 

Cktbalt and niokel 

The relative toxieities of the trace elements like oobalt. niokel 
and alne have been tested in filamentous fungi and the flrjt^st two have been 
recognised to be more toxlo than sine (6). The concentrations of oobalt 
neosssary to kill the cells of bacteria, yeast or parameoia after a given 
period of exposure have been reported by different workers (7.8, 9). 

Bedford (10) has reported that the toxic Holt of oobalt fjcyr 

niwer is around 1500 ] The toxleitles of oobalt. eopper, sine and 

have been Investigated in various Lactobacilli by Svee (11). In 
various o^er bacteria oobalt toxihity has bseot studied by Sehade (12) and the 
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inhlbltliig mnamxtraktXon has b««3 found to dspend on (1) tha sonslti^j^t 3 r 
of tho indlvidoal strain of baotorlon (11) tho mtnibor of eoUs p«r al nsod 
as Inoonlwa and (Hi) tho ocmstltuants of tho growth n«di\ii«. Of 1? anlno 
aeids tasted for oounteraotion* OTsteino and hlstldlno haro bam found to 
ho ho eapahle of oworooali^ growth Inhibition duo to oobalt. In a study 
of the uptake of oobalt by yrotoas walaarlo (13) It has boon found that 
■agnoslun Is partloularly offootlro In diadniidilng tha oobalt^oabining 
eapaeltx of oolls. 

Tho first dotallod roport on heavy noial Ion antagonism Is tqr 
Abolson and Al^as (14). I^mo authors have shown in the case of 
Aspergillus aducer . aioher^ohla toll * Aerobaeter aoroganes and Torulopsls utllis 
that toxic lovols of oobalt* niokel* oadalum* alno and manganese Intorforo 
with tho utilisation of magnesium. The toxie level of the heavy metal has 
been found to be determined by the aagnesitoi status of the medium and magnesium 
In turn controls tho uptake oi oome toxlo metals by a meohanlsm presumably 
Involving eoi^Mitltion at tho site of binding. ^bsequpntly* Lavollay and 
his assoolates (15*16) have observed a similar ooapetitive slno-wagneslum 
antagonism in Aspergillns nlgor. Ion antagonism studies have also been 
oarried out in laetio aold bacteria by Kaeleod and Snell (17). It has been 
presumed that in slno toxicity a oatalytlcally Inactive sino-protoin is 
formed and tho eounteraotlng Ions displace sine from the protein to foxai 
oatalytioalZ^f active pjroteln. 

The i^enomenon of chlorosis in plants is a well dooimmted 
phenomenon. This is primarily due to iron deficiency and can be induced 
non^speeifioally by the heavy metals cobalt* nickel* sino* copper* manganese 
and cadmium at toxic levels (18), Sowever* there are quantitative differences 
in the effects produced} further* differences exist in the 
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of varioaa plants to tfe« aanitt heavy^ aotal (19)> Howovor, thits eondltlonod 
chlorosis oan bs eorpsetad in aSaost aH tbs oasas by painting ths Isavss 
with farrona snlphats solution (20). It has bsm possible to analyse 
ths gross offsets proclaesd into subtler details as is Silnstratsd laiy studiss 
on niekel toxisity in eat plants (21,22, 23)* Tso types of offsets bars 
bs«a notieeds (i) spesifie effeets of ^s natal (ii) ehlorosis due to 
Indueed iron defieianey* Interestingly, it has been observed that the 
leaf neerosls prodaeed by niekel eanoot be sorreeted by ircHi whereaui ohlox^sis 
will resp^cKt to irtni trsatnwit. The neerotie areas are depleted in Iron 
and aagncslom thoui^ the tissue eentsnts of these elenmts rsnaln the sams(^). 
Another iastanee of metal i<m interrelatlonidiip has been observed in 
geminating ssedlii^s of Phaseelus radiatus where aagnesliui has been found 
to eounteraet growth inhibition oonpletely in sine and partially in cobalt 


A detailed analysis of trace elenent interrelationships in eobalt, 
niekel and sine toxlelties in the molds Aspergillus niger and Weurospora erassa 
has been earried out Adlga, Slvaramasastry* Venkatasubrananyam and Santa 
(26, 27) and the results nay bo reviewed here. In Aspergillus niger the 
toxlo offsets of these heavy netals Inelude growth inhibition and inhibitions 
of acid production and {'lucose utilization. Both Iron and magnesium nan 
counteract growth inhibition due to all the three heavy metals. However, 
in general, aagnesiua but not iron ean eounteraet depressed levels of acid 
produotion and glucose utilization. On the basis of the results obtained 
it has been eoneluded that in this organism zlne toxleity eorresponds to 
a eonditoned magnesium deflelmey and eobalt toxLolty to a oonditioned iron 
dsflelenoy. Similar interrelationships have alto been observed in 
Heurospora erassa where iron and nagnesiua have been found to eounteraet 
growth inhibition due to eobalt, niekel and sine toxlelties. The nagneslun 
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oon<3«titrstl<»t of th« taodltm has boon rooognlsed to b« aa iaportaat faotor 
h«ro« %id«r ooncHtloas of .mx^iinal magnositm natrltlmi of tho funfas. tho 
toxie l&vol of th® hoavy motal la ocMJStdoi^bly Icnrerod and fwrthor, tho iiron 
Imral ]*«qttir 0 d to oounteract tho grmrth ii^bltlon is also jjiorsassd. 

fhs toxie aaaif^iaticms aro not onljr eharaotsristle of th« 
partioiilar hsairy mstaX bat ar« also s^soiss spsoiflo* In the Inasct larva 

St* stadia on eobalt* nieksl and sino toxloitlss have 
that .;hile Irtsi is bwaeflolal in all the three oases* aagnesirua is 
effective only in the oases of ootsalt and nickel but not in sine toxiolty. 
farther* sine toxicity in this organlsa oan be eounteraeted by purines as 
well as by the corresponding nuolaosldeS and nuoleotidss and the nucleic 
acids CM% and M4), idtleh do not inhibit the aocuiulation of zinc by the 
larval tissues* nuts* Interference vith the rmolelo acid metabolism appears 
to be a prlmairy lesion in alnc toxicity in this organism, Ixxt such effects 
are not oixsmrvml in cobalt an:.! nickel toxlcities (28)* 

Studies on the nodes of ocmnteraetion of the heavy metal toxlclties 
by iron and m ignesiua in Aspergillus niger( 29) and Searoapora erassa (27) 
have revealed that "lagnesiufli inhibits the uptake of the toxic metal but 
iron does not significantly influence tho to dc metal acoumhlation by the 
organisms indicating that its effects are Intracellular in nature. 

A cobalt-iron interrelationship has be«m obeorved 
riboflavin production by Candida guiUiwssondli ( 50 ). llae inhibitory 
effect of iron on riboflavin production has been found to be counteracted 
by cobalt* However* cobalt does not inhibit total iron uptake by the 
organlsia I»it instead ^ihanees it. But* cobalt has a depressing effect on 
ths uptaJee of iron into the inner region of the yeast cell* Iron in turn 
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do«s not Inhibit the eobalt uptake the yeast. 

A oobaltviron antagcmlsa has bem demonstrated in Henrospora crassa 
at the aasynm level tsy Bealy. Otwag and IfoBlroy (31)> Xhqpressed levels of 

oez*taln enzyaes of the Crebs'.! oyole and eytoohroiiiee. as well as catalase and 
peroxidase have be«a observed under conditions of eobalt toadeity. Similar 
changes h'-^ve been israught about in straight IriMa deflclime^ and the enajrmle 
deramgernents caused bgr excess eobalt can be oounteraoted br Ixan* However, 
the growth Inhibition due to excess cobalt cannot be octmteracted ev«Hi at 
the higheOst level of iron used. lilckel behaves like cobalt only in some 
rwspeota. For examiale nlefcel reduces sucdnla dehydrogo?iase Inat doubles 
catalase activity. A depressing effect of cobalt an eytoehrones and catalase 
activity has b®«i observed in liquid cultures of Proteus vulaaris (32) 

Instances of cobalt lnt:3rf®renoe 'Ith heme synthesis have been known 

thus accounting for depimissed levels of oytochrouos and heme enzymes under 

ocmdltlons of cobalt toxicity. Studies on heme synthesis In Hhodooseudomonas 

spheroldes (33) have revealed that cobalt Inhibits synthesis of Iron 

protoporphyrin from ^ -aatlnolavulinlc acid. Oth^ir metals like nickel, zinc. 

lead md laolybdonua have no effect. It has also been observed that the 

formation of protoporphyrin itself Is iryaihlted by cobalt sugi^esting that its 

locus of action may be at a stage before the Insertion of iron into 

protoporphyrin. In preparations of rabbit bone .narrowr (34) cobalt has been 

found to inhibit incorporation of radioactive glycine into heme. Cobalt has 

COTyne tac terium 

also been found to decrease iron protoporp hyrin in cultures of ■C om^b ^ ot e riu- .* ; - 
diohtheriaa (35). Studies aa. the metal specificity of the iron-protoporphyrin 
chelating onayme from rat liver have revealed that both Iron an! cobalt can 
be utilized by the a«izy<is in the synthesis of heme. Hickel and several 
other metals are not incorporated by the enzyme (36). The iron-protoporphyrin 
chelating enzyme from chicken erythrocytes appears different and it ean utilize 
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cobalt as wslX as Irem C37)* Motfwar, Johnsm and JonesOB) 

have fonnd that mn.’epmm tra% avian erTthroeytea and l^obaellXas X 
do Incorporate ln»R, oobalt and alnc. Ihe previous failure to detect 
oohalt Incorporation into protc^ri^iyrln has been attritRited to the use 
of ethjl acetate to extract the oohalto-poz^yrln formed (hiring Incubation. 

It haa bessi found tdiat oobalto-porphyrln is Insoluble in this solvent. 
Reccmtlyt an «msyme Hhloh apeelflcally Incorporates cobalt Into the porphyrin 
nuclous haa been demonstrated In aSii^Clrfte Ifetanomomto (39)* It la 
evldfKit that cobalt can set at more than tme site In Influencing heme 
synthesis. It can inhibit the synthesis of porphyrin nucleus as well as 
offer ooispetitioa at the sits of enaynic incorporation of iron into 
protoporphyrin, thus accounting for depressed levels of heme system# in 
cobalt 


of cobalt and nickel hwe been found to bring 
about various other metabolic abnormalities and interfere ’.d.th the metabolism 
of carbohyciratiis, nucleic acids and proteins as well. Such effects may be 
the result of direct heavy metal action or as a reamlt of ?.n interference 
with the functions of an essential trace element. Iron deficiency as well as 
cobalt and nickel additions have been fcaanl to increase the nourotoxln 
production fay Shigella shigaa^a lAianomenon apparently not related to heme 
formation (4'3). An examination of the effects of or,?anic acids on cobalt, 
nickel and zinc toxioities in Aspergillus nlger have revealed that the adverse 
effects of the heavy metals on acid production and growth can be counteracted 
by citrate, malate, succinate, fumarate ami pyruvate except in cobalt toxicity 
trhere the response to citrate is /'^ry partial and where succinate pro iuoes 
an ad:ed inhioition (41). It has been found in rat liver mitochondria that 
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fell* ladUiatlon of fche katoaaldis of th® Ir«b*^ cycle is strongly Inhibited by 
oobalt. It haul beawi autggosted that the action of eoJ;jalt, like that of 
ars4»tlte» te dao to ©oaplex forwatlcm betitroen the 1 <»j and the dlthlol for^ 
of Upoi© acid, a cowosyne for koto acid d(diydrogenatlon(h2). farther 
studies on the mechanlBm of this inhibition i^encmenon have revealed that 
the iAteraetion of the reduced dehydrogenase ooaplex with cobalt In the 
presence of alTi leads to oxidative inactivation of the lipoyl coenxyne (43). 

Levy* 9kut<^ and 9ehade (44) mi the basis of studies on nuoleio acid 

turnover using in Proteus vulgaris have emmilad^ that the inhibitory 

a£id 

sff^eots of cobalt are related to an effect wherel^ rlbonuolelc^leads to 
protoln synthesis. %oa(di protein synthesis Is inhibited, the concentration 
of mcleio acids In inhibited cells Is higher than in cmitrol cells. Cobalt 
at a concmiratlon of 2 x 10”“^ has been found to inhibit growth and protoln 
synthesis In yeast. The soluble nltrogtm and nucleotide nitrogen are 
considerably higher in cobalt grown yeast than that grown under nomal 
condltion8(45). In Tatrahymena pyrlfomis it has boon found th t cobalt Is 
more Inhibitory to growth than S':<ulvalent concentrations of nickel. %:cesa 
cobalt results In a significantly Increased RHA and EKA content per cell 
under certain conditions. Cobalt and nickel Inhlltlt rlbonuclease activity 
of honogenatos prepared from the nomal cultures (46). Deturk and Bemheira (47 
have found i n Psuedoaonas aeruginosa that cobalt Inhibits induction of 
ureas® and of tha enzynes for the oxidation of putrescins, Y^aelnobutyrlc acli 
find bonaoate. In aost instances the inhlDltlons are ovarcone by inorg-mic 
iron salts in Heating that the two metals may no combining with the same 
receptors at tha cellular level* Ballontlne nnd 3tephen8(4*l) have detected 
the formation of stable cobalfco-proteins in Heurospora cras.';a and have 
envisaged the possibility that oobalt forms an essential part of metabolising 
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systems not &aly ss a eonstltaant of iritasiiin %2* posslblj also as a 
part of emcpts systems In tlia ooll. A oobalt»lron Interdiction cm growth 
has boon notod i» Heurosoora orassa and eorarianoa analysis of data has 
boan Intorprotsd to asan that th® ««tabolit» of oobalt pertains dtractly 
to this slimHmt and not to iron. th® incorporation of cmbalt Into the 
oytoplasa in plae® of iron by a aetabollo mistake has been found to be 
laprobabLe (49), 

Iron drfloioncy affects and its aetabollo laplleatlo|ns 

the studies so far rerteared clearly indicate that a ma4or effect 
of heayy metal toxloltles Is a ocmdltioned defieiency of an essimtlal element. 
Sspeciall/t a direct oobalt-ircm antagonism is derncmstrable in several 
aysteas. Thus, the effects of direct iron deficiency^ whan clearly understood,, 
can miabl© to get an insight into the possible sites of heavy met^l action 
apart frm an understanding of the aet-ibolio processes requiring Iron, 

The lit.?ratar# pertaining to iron deficiency effects with special reference 
to the studies on aicroorganlsms has been briefly reviewed here. 

Iron as a ..onstttuent of hem® and as such in bene proteins has 

enormous functions to perform in th# living cell. Thus, one ^f<'ect of iron 

deficiency has tio n the accumulation of porphyrins with a concomitant fall 

in th® levels of heme systems, Pappenhalmsr (50) has foun'.’ th'it there is 

a parallelism between toxin and porphyrin production in the toxic filtrates 
Cor Vnebxcte riuyn 

of Cornyiiaeteriu!! dipittharia® and auboptinal levels of iron increase 

the pro^iuctlon of both. Still higher levels of iron increase the pro iuciion 

of both, though growth itself continues to incre ;se slightly (10-2O5(). 

For every 4 atoms of iron aiiori to th® culture medium (above that optimal 
for toxin production) 4 molecules of porphyrin an.i 1 of toxin disappear from 
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tbe cultor* filtrate. The results have been taken to suggest that the 
diphtheria toxin is the protein j«oi®tj of an iron eontaining resplratoiy 
enatjnte, CSarke (51) has honra/er disputed this hypothesis and finds 
that on the basis of their iron contents |Mroto<4ie(nin and iron eoproporihiy'rin III 
are less active than ferrtms sulphate in their effect on toxin yield, 
foansley and Hellands ( 52 ) have shown that growiii^ eultuirea or lysed 
cell preparations of Mlooroooeoi)Ui lyaodeilctieus aeounnlate ec^oporirijyrin III 
in Irtm defioianoy* Is Mreobaeterlua saMwaatis it has been found that under 
oonditions of iron defloienoy the ooproporphyrin is lower than nonsal 
upto the hth day after vhioh there is a steep rise (53) > The acounulatlon 
of porjdiyrln in iron defloiemoy say be ei^ained by the fact that hone is 
synthesised by the insertion of iron into the porphyrin nuolrnis. This 
process is believed to be an enxyinio process as is evident from studies in 
animal sy8twis.(5h’f 55)« In microorganisms, probably, the first experimmtal 
evidence thit protoporphyrin .may be a precursor of hem® is found in the 
studies of Oranlck and dilder (5&) which indicate the aollity of 

to utilise protoporphyrin in place of hmin as a growth factor. 
Invariably, the porphyrin ttiat accumulates in iron deficiency has 
found to <>e ooproporphyrin and it has besn suggested that iron may be 
for the conversion of coproporp :yrin to pr'xtoporphyrin (57). 

It is Interesting to note that the heme biosynthetic pathway is 
very similar In animals, plants and )Bicroorgani3’ns(5'i). The steps consj^ist 
in the formation of 8-a«inel®Vttllnic acid, synthesis of protoporphyrin and 
Inoorpor»tion of iron Into protoporphyrin. ^idences are available to 
indicate that Iron may be involved in the synthesis of 5*-aminolevulinic acid 
In adriition to the sites meaticmed earlier. It his been de:onstrated in 
chicken erythrocytes WiatiC/'-dlpyrilyl icAibits S*-awlno lavullnic acid 
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myntbrnBla whlcAi Is revorsad tba «ddltl<m of farrous sulpliata (59)* 

Oossbarg (50) ims shown that th«r« Is a dsoraassd porfdiarrln sxoretton 
in patlonts with Iron dsflolamo/. thus, as is avldsnt tram the vork 
of PapfMMtdieisar ( 50 ) iron ean signifleantljr enhanee pof^rtiyrln production 
mad can also Izdiibit the synthesis of the saast dspsoding on the eonomtratioi 
at which it is prs8<Mtit* This together with the iavol'roaeiit of iron 
at the filial step of hone synthesis supply substanti ’te to the regulatory 
role of iron in the naintenanee of tho activities of heae systwss, 

Burhhan mid LasoeUos (61) have deteteoted a signifleant iidiibiti<»i of 
^-animlovulate synthetase hy hsnin in. 

have proposed that one nsohanisn for eamtrol of porphyrin synthesis in 
this organiaa nay be through a negative feedbaok hy hedln* 

Waring and Werknan (62) have shown that irc»iP>de<fioient 
AwpoMotar aeroaenes laok oatalaae* Siailor results have been obtained 
Mocardia opaea (63)* M.choloa and OonMiissiong (5h) have found In 
llwirosoora crassa that tho heae rnisynes and *TP1IH diairtioraso* become 

ci 

more active viben the iron level is increased fron deficiency to suffi^mcy. 
Healy, Cheng and JlofflLroy (31) have recorded digressed levels of cytochromes, 
catalase and peroxidase in the same organism. Similar results have been 
obtained in Proteus vulgaris (32). 

Another interesting feature in porj^yrin synthesis is that 
the steps Involved in the formation of protoporphyria are the same 
whether the end product is cytochrorae-hemin, hemoglobin— hemin or chlorophyll 
mius, 'i^oz^sis* in plants can be traced to iron deficlenoy thoui^ 
ohlorofAiyll itself does not contain this metal, A aonoestor of sagneaium 
protoporj^yrin has been isolated fro® etiolated barley leaves treated with 
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8 •>«ninQ l«9uXinlo acid aM/zUllpjrrld^l (65)* (66) Has found 

that eultures of IttiadaaMlimiQManfca. ,mfa«E«ldad aoeunaiXats largs aaounts 
of frea porphyrin Whwa grown In light on asdia dsfioiont in iron salts* 

Zrtm salts hatre boon found to oomplstoly suppross porphyrin fozwition 
froa glyolns and/.<-fc«togltttarats* )Mit inorsass tho formation of baotsrio* 
ehlorophyH and hsas oornpaarnitam Iron doss not suppross por^iyrin 
synth<MiiB front ^oaninolovttllnio aoid. It is suggouttod that porfdiyriB 
twnmtltm hy Khot^psopdoaonas p.ph.«trQldss is assooiatod with tho synthssis 
of haotorioobloirophyll a^ that iJNm is ooneornod in tho uonrorslon of 
porphyrins or dorivatliros into haotsrioehloroptiyll (67) • Jonos (^) 

roeordod that in iron d«f ioisnt eulturos of p^odopomidoMonaa antontldM 
thMTo is also an approoiahls inoreaso in magnosiua protoporphyrln-liko 
matorial* It has b®«n suggsstod that irtm may bo roquirod for tho 
snzymic transformations of tho sido ehains of magnoslum protoporphyrin 
mcm^iyl ostor loading to the formation of chlorophyll* in addition to 
its activity in tho early otagoa of porphyrin synthesis. 

Apart from its inrolvommt in heme and porphyrin synthesis* iron 
also regulates the activities of nonohene iron ennynies and brings aoout 

changes in the levels of wisymes which do not raiutre iron for activity. 

0 

Significant changes are also observed in the levels of key metabolites 
like the nuoleio aoids* protein* carbohydrate intermediates and lipids 
in iron deficiency. These changes clearly establish a generalised role 
for iron in metabolism apart from its ppeoiallsed function such as In heme 
synthesis. 


Healy* Chang and HcSLroy (31) have found In Henrospora crassa 
that iron dofiolwncy in this organism effects changes not only in heme 



«it«s of ijpon tuTolTMiwit in sAllojrllo aeid fotwatlon fro* wroaatio 
or a aon-aroaatie {Hraouraor ameh aa shlldmlo aoid* Baotarla froa iron 
and ainc dafiolont ooltnraa hava boon found to hav« a low RMA and JMA 
eonoontrmtlona froa tho tljio of groirtli iiihlbiti<»i and poasibly prooadiag 
it (77) • In a dotailod atudy of iron dafieloaojr cm tlio ecwpositioii of 

Hyeobaotorl^ taognatia. Windor and O'Hara (53) liaro found that tho lorol 
of ribcmaeloift aoid fallo at tfao tin# of growtii inhibition and tfaoro ia a 
alight fall in dooayribonaoloie aoid. rlbonnolaio aoid fr«a the 

dafleiont oulturo has a nomal baso ocmposition. fh® Icmgth of tho 
baotarla tneroaaoa sororal tlnwi during iron dafiolonoy. fh 9 pyridine 
nuoleotid# lovols dMroaae sueh oarllor as oca^wired to tho nomal oulturo. 

Tho fall in total lipids ia not approolablo and i^hospholipida rlao in metal 
dofioioney. In Aorobaeter aorogoneo (62) and Mooardla opaoa (63) it 
haa boon found that under conditions of iron dofloiamoy tho oxyg@n uptake 
with certain subatrates la narkodly affooted* The prosmoo of pyrurlo aoid 

in the iron dofioiwit cultures has boro taken to Indicate that the pyruvic 
oxiciaae of tho organism nay bo iron dependent. Iron defioienoy in plants 
has boon found to produce profound ehangcs In tho levels of Rreb^’^ cycle 
intermediates. Chlorotic leaves hare been found to contain more citric 
acid and always distinctly less laalic or oxalic acids than green leaves (78). 
Mustard plants made chlorotic by iron deficiency have a high ratio of K/Ca 
and this ratio decreases as the conoentration of iron in the nutrient 
solution is increased (79). Those changes have been attributed to a 
deparessed aoonitase activity under conditions of iron defioienoy. 

Cltric/aalic and K/Ca ratios have been assumed to be llnk«l metabolically(30), 
Asotobaoter agilis (4* vlnelandii) has been found to aoounulate fluorescent 
pigmmits in the culture fluid under iron deficient conditions. Baa 
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prlaolpal yelloir oonpound attached to a 7 »lloir«green fluorescent obronoi^ore 
has been Identified to be a peptide containing the uncommon aeinoaelds suedi 
as faoraosertne and^-hydroxyaspartic acid. As a working hypothesis it has 
been suggested that the oaspound nomaUy assoeiated with an ir«i>protei& 

»ay be released into tbe aedim when the oo>ordinating iron atom to 
anarailable. Altematirelyt it can arise frwa a biosynthetie pathway that 
is interrupted by iron defielinaoy (81). Several strains of iron deflolent 
have bewi found to aecu-aulate oi8*|^ethyl*5 OB*pentone 2 anoie sold 
(S2). 

A striking advance has been nade in the elucidation of the aeohanism 
of iron transport in nleroorganisas as a result of the isolation of certain 
ooapounds under iron deficient eonditlons whi^ have a specific binding 
affinity for iron. Iron defiel«at cultures of IPatilago sphaerogena 
been found to secrete several iron«>binding compounds into the culture fluid, 
the major ooi^nent of which has been isolated, characterised and referred to 
as ferrichrome A 

has been isolated from the normal cells of gstilago 

discovery of these campoands has opendd up new avenues of research in the 
elooidation of microbial iron trsaisport, since it has been found that the 
occurrence of ferrichrome type compounds is fairly widespread in microorganisms. 
Coapoumis either containing iron or having a profound binding affinity for 
iron have been isolated from different mieroflora. Coprogon has been 
isolated from ooproph/tio fungi (85). l&r (86) has isolated from horse dung 
3 microbial species which actively synthesise ferrichrome factors. A survey 
of 32 eonoon microbial species has shewn that 10 of these produce eoprogen-llke 
subetanoee (87). Ttarregans factor (88), having a profound binding affinity 
for iron has been isolated from Arthrobaoter terregens. Aspergillus niger 



groun under Iron dafleieat conditions has l»een found to secrete an 
lron<*blndlng oompound eblctt Itae been identified to be f erriehre^ie* Goapounda 

eloselj related to the ferriohrones hare been Isolated fron Aspergillus ami 
on speoles and have been referred to as ferrlerooln* ferrlohrjsln* 
ferrirabin and ferrlhodln (B9). mother related sutMtanee is 
isolated fron nynobaoterla ( 90 )* 2et another group of oompcmnds are the 
ferriojcaaln^ Isolated fron atrwptoniymm (9^)» 

The ecwton features of all these eoa^poande are (I) a strong binding 
afflnitjr for Fs’’*"*' (II) the presenee of a poljrhFdroxamate struoture at 
iron*binding site and (III) despite differenoes in gross struoture« a 
anitnal replaeeability of one with ain>ther as a growth factor for organisms 


As against those, another group of eloselj related coapwnds which 
are generally growth inhibitory and antagonise the effect of the former list 
of eoapoiinds are the ferrlmycins, isolated fron Strestomvoes erlseofl 
A olassifloaticai has been proposed for aU these compounds whioh have the 
characteristic hydroxamate staruoture at the iron-binding site* The ferric 
polyfaydroxanate class of oonpounds have been referred to as siderochromes with 
the gz>owth promoting ones being designated as slderamines and the growth 
inhibitory as sideromyoins (92). Compounds like albon^in (93) and 
griseln (9b) have been included in ttie latter group. The table alongside 
JUadicites the different mwabors belonging to the two tjrpes of siderochromes (95) < 

The siderochromes can also be differentiated as peptides and non- 
p^tides (9^). Where as the ferriohresttes can be considered as cyclic 
peptides (97), the ferriojcaalnes do not possess a typical peptide bond. 

An example of a non-sideroohroae excreted under conditions of iron deficiency 
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Sldftroobrofta 


Sldaraainas Sidaro^lna 

groat AatlnoawiaB 


WwrLioamUm 

XoeardABdzi (id«atlfl«d to b« tke s&na as forarloxaraiii S) 

(^) lxm^ms± 

Coppi>g/m 
VaerijobraBm 
Perrlehxysln. 

Ferrlorooin 
Farrihodln 
PerriTubln 

(0) rro« Bactoyla 

Tarregens JTaetor 

Sidarochroae without biologloal aoblxrity 
farriohrcma 1 * 


Orlsaln 

Alboapclit group 
Farringnoln Ai , hz and B 
Suooluirayoln 

lA 5352 

LA 5937 


has baan tha seoretlon at 2»3-dii:grdro3qr banzoyl glyolue (itolo aold) by 
Baalllua subtllis (99). 

A grant daal of work has bean carried out on the structural 
aluoldatlon of the sldaroehromes. Parrlohroaa has baan shown to contain 
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glTOins and the tmlqtte amino oR^hydroxar omolthine carrying an 

aeylomoiety (lOO). Ryoobaotln hae been ahoan to eontaln£*li 
and Ita detailed atruoture haa alao bewi worhed oat (102)* llte amino acid 
aaquMioe In rerrlohroae haa been atadled (103) and a three dlnenaional 
atruatore haa been propoaed on the basla of aeveral i^yaioo^ohealoal data 
{96,97)m Ferrlehr<me A dlffera froat ferriohr<Mie in that it containa aerine 

in addition to glyoine and^ •N'^iydroxyomithinet haa leaa nitrogen and 
iron and the amyl miety ia rei^oed Ixyjs •eiiethyl glntaowiio acid (lOh). 

The hydroxaaate aoietlea of f errioxasiBea inelnde l«aaino«>>5>>hydro^l anino 
pentane and l*aaino<<4>«bydroxylaminol»tane. The organie aoidi^preaant include 
aeetio aeid and auooinio aeid* Detailed atraotxires hare been propoaed for 
the ferrioxaninea as well aa the ferriayolna (95)* 

Conaiderable eridenoe haa aeouinilatod in the oaae of ferriohrome, 
pointing to ita important jrole in iron aetabolisa. It has been found that 
there exists a reciprocal relationship between ferriohrome and cytochrome C 
contents in the oella of Patilago ai^aerogena which ia governed by the zinc 
status of the medium (57) • Under conditions of zinc deficiency the cells 

contain little cytochrome C but yield relatively large amounts of ferriohrome 
With increase in the zinc status there is a drop in the ferrichrome content 
concomitant with the ayntheaia of cytochjrone C. Later investigations have 
thrown light on the relation between ferriohrome and cytochrome contents, bat 
the role of zinc is not clear. Ferrichroae haa been found to be a growth 
factor for certain organisms like Arthrobaoter terregens. Arthrobaoter 

8181 (105) 

an d Arthrobaoter JO 9» But a much large number of organisms have been 
found to produce growth factors of the ferriohrome type ot at least answer 
for bound hydroxylamine. Detailed atudtea with Arthrobaoter JO 9 
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r«r«al«d that it ha» an absolute roqalrwiwat for ferriehrorao to aaintaln 
normal growth and eatalaae activity even though inorganio iron nay be 
provided in the nediua. The rerriehrnne rmqairmmmt ean be net by 
providing 100 tines its ataount of henin (106)» Feriiehrone - Fe^^ 
bena shown to get ineorporated into eatalase which Is )*epressed the 
addition of henin in growing euXtures of Arthrobacter JO 9 (i07)* It 
has been found that ferrlsqrein-A inhibits eatalase synthesis in 
JO 9 supplenwotsd with ferriehrone bat not 

provided with henia. All theee resulte have been interpreted to 
that femehroiae is nsoessaiy for hone synthesis and ferrinycln A sets by 
bloeklng this stsp. Csill«fres sactraets of Hhodonssudoatonas spheroldes 

havs bsen abls to synthesise heaint when incmbated with sn oxldisable 
eubetrate* protoporphyrin IX and iron as ferriehrome (108)* It has been 
suggested that at least in nieroorganisiRS the slderaialnes ean play an 
lapoxd^mt part in the ensymatle ineorporation of iron into 

biologieal aetivlty of the ferriehrono compounds In iron 
transport has a bearing on the affinity of these oonpounds for ferric and 
ferrous Iron. Ferriehrone would bind ferric iron with a etablllty constant 
arout 10 times that of SDTAi but it would bind ferrous iron if at all very 
weakly. geilands has envisaged a mechanism for the release of iron from 
ferriehrome involving reduetion and the iron-free moiety can bind ferric iron 
in turn to give the parent cempemnd (57). The ferric iron coordinated as 
the trihydroaamate can be transported to or into the cell and donated to 
the iron enzymes by & laeehanism which nay Involve one electron reduction. 

'Hie reduction and release ean take place at the site of inoorporation into 
the iron containing enzymes and prosthetic groups (110). 

IhuSj the secretion of an iron-binding compound by an organism 
undsr iron deficient conditions has enorracnas survival value for the organism 
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in questloa. Melland* i99) in a dl«o«»»ion of th« possible factors 
inrolved in this aotabolic adjustment lists the followlngt (I) the 
biosynthesis of .ferrio ooai^exlag agents t normally conpetitirely inhibited 
and maintained at a low lewel by the presenoe of a variable anujimt of a 
feiTie ehelate beotsses a major metabolio aottrity of the oell,(II}t the 
defioiwts^ of iron ez^tes a metabolic block, the latter being manifested 
by the ai^pearanee of ii*on<^otsplexing prodaete idiic^ nstaally require iron 
for their metaboliem. for example, in Baeillas subtilis the aeeumnlated 
itoio aoid in iron defiolency, ie rapidly remored cm addition of iron, 

(HI) the new substanees pjrothioed in iron defleim^ey are intended to serve, 
either as such or as the ferrio ooaplex, as a ty^pass for electron transport 
azH>und the normal cytochrome e 3 rst«nt« IRie last mentioned possibility has 
been considered rather remote in view of the profound differ-moes in the 
binding affinities of these compounds for ferrous and ferric iron. 

It is evident that the isolation and the metabolic studies earrled 
out on the siderochiromes have far remohing effects in that the regulatory 
processes of the type operating in iron metabolism in mituroorganisms may 
as well be a phenomenon operating In higher plants and animals. It is well 
known that plants have an affinity for chelated elements and it has recently 
been shown that ferrioxanin B is absorbed and translocated in tomato plants 
from nutrient solution. The chelated iron is transported to the upper parts 
of the plants more rapidly than ionio iron (111). Studies are yet to bo 
carried out in animal systems to detect the possible presenoe of forrlchroae 
type compounds. It has bean considered probable that the non-availability 
of iron frequently observed in both acidic and alkaline soils may be duo to 
the lack of a substantial microbial population and hence the absence of the 
ferriohrome class of compounds (110). 
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Th« aideromyeins !».▼« m. great antibletle {wtentlal. OimcMqroin CU^)» 
a recently Isolated antlblotlo«has Inhibitory properties towards Gbraa positive 
baoteria* and is an iron polypeptide related to the olderoayoins* 

4 representative Utemtnre that exists on aspects of eobalt and 
niek^ toxleities and iron defioieney in aioroorgiuiisms has been reviewed. 

The knowledge gained has been sabstaxitial bat still the diverse nanifestaticms 
of a singlo antal dofioionoy or* toxicity aro baffling. It jast miphaxisos 
the olosoly knit and intogratod manner of operation of ohomioal preesssos of 
life, suoh that the laek of a small raotabollto eaa apset the entire naohinory. 
Bat oaoh organlon is tnidowed with a eapaelty to mend its own maohinery and 
this rsBolts la the oporation of survival meehanisms which in tom throw 11^t 
on the normal regolatory processes which operate in the living cell. One 
suoh example is the elaboration of iron-binding oomponnds in iron dofioieney. 

The formation of an organic iron chelate of this type in a normal coll probably 
ropresonts a voyy early i^ase In the transport of iron to various iron 
dependent systems. 
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CHAPtm X 

ISOLATICai, PaOPSRTISS AUD DlQKAOATm: StUDXm on AM mOM HTMECWO CCMPOOMD 

XSOLATSD FROM CQBALT-TOXIC CaLTUH^ OF HBgntQSPORA CRA33A 
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xsoi^ii'fioa, iHO DsaaAfiAfiys stoeibs om m ieom 

ISOLATED mm COSALr-TOXIC CULTUHES OF MEUI^PQRA 

Sttotion At laoIatdLon «ad Proi>«rtl«B« 

It Im wrldant Croat tba Utoraturo r«rLW oa traoo 
»etabollsa that aecmnulatlcm of aiotaboXltos Is a faatoro ahsm alorooztEaaisa* 
ars sabjoatsd to a traca aataX daflolonosr sooh as that of Iron. For 
axaaplo, orKanlsas aro known wfaAoh aeoumoXats both porphyrins ai^ iron* 
blndlng coapoands or elthor of th» two* ihtsn grown nndsr iron doflolont 
eonditions (X)« %os« aoouattlatod products may thus ropresont netabolitos 
whlob rsqulrs iron for thair further aataboXism. Howarar. the netabolio 
potanoy of the f arrlohrotaa typo oonpouiKls as iron transporting agents has 
a particular signifioanea in the sense that these otnspounds do not nerely 
represmit unatetaboUsted end products. They oan bind any available iron 
and speeifieally transport it to key iron dependent systems and thus have 
a survival funotion to perform in the living cell. 

Earlier studies in Heurospora orassa (2,3) have shown that a 
speeiflo oobalt-irm antagonism is demonstrable In this organism and that 
eobalt toxieity leads to a oondltioned iron deficiency. It has been of 
interest to find out whether |[. tw aa s a accumulates characteristic product 
or products when grown under conditions of iron deficiency and if so 
whether a similar phnaoaenon is detectable under cobalt toxic conditions 
as well* Preliminary studies have indicated that this organism does not 
aooumulate porphyrins when grown under iron deficient or oobalt toxic 
aonditi<»sis. Howevert idimt an Iron salt such as ferric chloride is added 
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to the culture fluid of the organtsw grcnm under these e<mdltion3, it turns 

Iffliaedlatelj red Indicating the possible presence of an Iron-binding eoo^und 

r' 

In the culture fluid. Subsequently, this has be«a traced to the presence 
a new Irm-blndlng subetance belonging to the sldaroohrone class of eonpoimds. 
The Isolation and seme of the properties of this new iron-binding ooi^wund 
are reported in this section. 

mmmMt 


Analytical grade salts were used in constituting the basal nedltih 
of the organism. Metal free water prepared by passing glass distilled 
water through lon-eamhange resin was used for preparing the medium. 

Benzyl alcohol used for extracting th® Ircm-bliKiing compound was laboratory 
grade reagent (BBfi)* Paper chromatography and electrophoresia were carried 
out on Idiatman No. 1 filter paper. 


Organism. 

A wild strain of Meurospora oraasa Sa 5297a was used in these 
studies. It was maintained by weekly subcullures on agar slants containing 
the constituents of the basal medium (given below) along with 0,1^ each of 
■alt and yeast extracts. A spore suspension from a 7 day old culture in 
sterile glass distilled water adjusted to nearly 90?t transmission in a 
photoelectric colorimeter was used for Inoculation, 


Basal medium and growth conditions 

The basal medium oontalnedi (g/lOO ml) glucose-2i 
N%K03 -0.2| amwniua tartrate - O.li MgSOij,- 7\0 - 0.05; «aCl - O.Olj 
Cadg « 0.01; Trace elements included were (pg/lOO ml); sine -20; 
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Manganese « 20 1 eopper - 8 | Iron - 2j nolybdenuA -2, Mo tin was added 

to give a final ooneontration of 0.5 jxe/lOO ral. Cobalt as C 0 CI 2 . 6 H 2 O 
was inoludod at 8 OO f^/lQ ml basal aeditm to produce aTOUi^ 501^ growth 
InhlbdLtlon at the end of 72 hours. 

£.* vas grown in 50 nl pjrrex eenleal flasks containing 

30 «1 of the basal nedluia adjfustod to pH b .8 • 5*0# for 7Z hr at 30 ±. 1® 
in stationarjr eultares. 

,Qf _the iron^binding ogapound. 

1^0 iron-binding eonpound (X) was isolated as the iron-oonplex 
(X7e) frora the eulture filtrate wa a preparative scale, when the organism 
was grown under cobalt toxic conditions. 

S* orassa was grown in a largo nutabor of pyrex conical flasks 
containing 800 jetg oobalt/lO nl basal asditim for 7Z hr. in st ’.tionary 
ottlCuro. At the end of the growth period the oulture flxiids were pooled. 
To a litre of the culture fluid a solution of Fad^. 5 H^O was added drop 
fay drop with stirring. Bie solution turned inmodiately rod followed by 
copious precipitation. Inou^ iron salt was added so that the red 
supsrnitant obtained after centrifugation did not show any increase in 
absorbancy at b40 rajr with further additions of the Iron salt. The clear 
red supernatant was then saturated with and left at 4® overnight. 

It was filtere^ and than oxtract=?d thriee with benayl alcohol using 50 al 
each time. The red color was qiuuntitativsly extracted into the organic 
phase and the pooled organic layer was then washed fear times with equal 
volumes of metal-free water. The water wash was discarded. The benzyl 
alcohol layer was shaken with an ether*water (5*1) mixture when the red 
color was extracted into the aqueous ptoase. The aqueous layer was drawn 
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and ooUcKitad. 'Ria rod color was oonplotsl^ axiraetod into the aqaeous 
phase with further additions of water to the ether-bmajl aleohol solution, 
fhe pooled aqueous lajrsrs wero then extraotttd twice with ether using SQ ail 
eaeh tine* to reaKfre traoos of bensyl alcohol and then lyophiliaed* The 
ooneentrate was fed to to a chUulose oolunn (30 cut x 2,5 and eluted 
with 50^ asthanel when the single red hand nowise m the coluani was ci^eeted 
and ly^idiiliaed again, 

Heldt tnte lyioq^kiliaed aatwrial weighed mg of the 

culture fluid. 


lroa<»dofiQlant aedia. 

An iron»binciing ooiapound was also isolatsd fpim the culture fluid 
when the organisn was grown under conditions of straight iron deficiency. 

The Isolation procedure enployed was the sane as desoribsd 

The lron»dsfiei«Qh xediun was pnq;>arod by constituting the 
onittii^ iron* in aetal<-free water, {Eucose (JLR) was rendered 
by shaking the sugar solution with |}owex*50 H'*", resin and then 
to free it of the sugar. KH 2 P%, axmoniua tartrate 
awaoniun nitrate were freed of setals by shaking repeatedly with 
8>hydroxa^uinoline in chloroform until the ohlorofom layer was no longer 
colored blue. Saoess 84]ydroayquinoline was renoved by repeated extractions 

the chlorofora was removed by 

constituted was deficimt in iron and pcmltted $0^ of the mycelial 
growth (in terms of dry weight) at the end of 72 hr. as compared to that 
obtained in a normal medlux containing optimal levels of iron. 



^jrdroljraia of XF>. 

10 og of XFe ifa.f byiirolyBed with 2 nl of 6 H ICI in «ir&eaat€d 
sealed tobes for 22 hr. at 105®* Hate hydroljrsate was evaporated la 
Taeausi to dryness. To the reaidwe a ssall aamoat of water was added 
ami again evaporated, mis prooess was related thrioe to renove the 
hydroehlorie sold and finallyr the residte was dissolved in 10f( isopropanol 
and aliqnots v«pe spotted two dlnenslfwial (}lmmatop>ans for aadno aold 
analyses. 

efarcHsotoeraiMe ^eetroidM}retie 

me honogeneity and the obronatogiaphio nobility of Xfe wrare 
tmited on ahatnan no. 1 filter sheets in asewading nans using batanolt 
acetic addswater (h-iltl) and aethanolxwater (1*1) as the solvent systens. 
F«rrichr<«# and ferrichroa® A were afllso spotted for coa^rlsMi. XFe 
hydrolysate was analysed for aaino aelds by two diaenslonal chroaatography 

the first descending run and 

phenol* ethanoljwater {3al*l) oontaining 0,0551 8-hydroxyquinollne for the 
ascending run in an aanonla atnosphere. ISydronylanine in STe acid 
hydrolysate was detected in one dlra«isi<mal ascending chromatograms nslng 
(differwat pinaportions) as the solvent sj^itam. 

of Xtfe was checked electrophoretically and its 
mobility CfflSpared with that of fenrlehrone and ferriohrcMe A on Whatman Vo. 1 
filter strips at three different pHs. The buffers used were pyridine* 
acetic acidiwater (1*10*190 • pH 3.6), pyridine*acetic acidxwater (a)*2*17$ - 
pi 6.2) and verwaaliHCl (50 ml of 0,2 K sodium barbital 2.5 ml of 0.2 1 HCI, 
dUnted to a total of 200 ml • pH 9*0) 
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ipraj gwg«nta. 

Kintijrtlrln was aa«d for dataetlng anlBoaelda on paper. A 
soXatloa la aovtone was oaed. Speolfle aprajr r«ag«ata were used to eonfijm 
the preeenee of eertala 001110 aelds (4). A 0«25j( eoXotlon of 0«pthaXoXddliyde 
la aeeteme woe used to deteot glyolae. 1%e presenee of orolthlne was 
Qonflxned fagr sprayiog the ehr<Mnatograa wltili a 0.;^ solution of vanillin 
followed hjr lj( alooboUe KDS. Ornithine gave a red eolour on heating. 

Serine and threonine were detected bgr periodate spra^ followed 07- Kessler*s 
. A 1^ solution of trlphenjl tetrasoUun ohlorlde In IH KaCXK was 
to 


SMlItRS 

mSSSmmJBKmSmSrn 


The Isolated Iron-oomplex (XFe) Is froeljr soluble In water and 
cold methanol. It is Insoluble in lipid solvents like ether* aeetone and 
chloroform* forrlohroae and ferrlchrome A are sparingly soluble In cold 
methanol and oold water respaotlvely. The ferrlohromes are however 
insoluble in lipid solvents (1). 


romatographio and eleotroc^oretle behaviour 
IFe gives a homogeneous spot on paper when developed with the 
butanol 1 acetic acid:water (htlil) and methanoltwater (Itl). No 
reaoticm is obtained at the Xfe spot or elsewhere when the developed 
chrcoiatograas are sprayed with ninhy:irin. anilinef^^halate or bromooresol ' 
green. The XFe spot appears dark when viewed under the ultra violet* but 
the chromatograms do not reveal any othar quenching or fluorescent spots. 
Table X indicates the Bf values of XFe In the two solvent systwns mentioned 
as well as those of fendehrome and ferrichroo* A. Xfe has a 
mobility as compared to ferrlohrome or 



Papar •laetrophorvsls of XF« along wi'l^ farrleturom* indleatas ttmt tha 
two have Idmtical oobilltlaa at aXI the pHs oxamined and give honoganaous 
•pota. The eomponnda have eathodle aoMJLLtles at all the pHe examined. 

At pH 6.2, ZPe and fwnriehrcme have dletinetljr different ehroaatographlo 
•obUltlee a» eoapared to farrleluroBie A (Fig. I}* 

Hydrolytic prodneta. 

6S WC^ bjtlrolysls of XPe raveala the praaenoe of atlaaet 9 nlnhydrln 
positive spots vkrni examined on two dimensional chromatograms employing 
hutanoliacetic acldt water ( 30 t 6 tlh) and i^anoliethanoltwater (3il<l) as 
the developing solvents. nia amino acids have been Identified by their 
eharaetarestlo Hf valnes. Ornithine, glutamate, serine, glycine and alanine 
oorrespmid to the major spots. Hlnor spots of aspartate and threonine can 
also be detected. The prestmee of ornithine, glycine, serine and threonine 
have b#«m further confirmed by their characterestic color reactions on the 
paper ohremaatograms. 

Hydroaylamine has been detected In the hydrolysate by tetraaollam 
spray on one dimensional chromatograms developed by the use of ethanoliHCl 
solvent. The presence of hylroxyi amine is revealed by the characterestic 
red color observed when sprsiyed with the reagent and Rj falues obtained in 
the solvent system employed (Table H) 

Spectrum. 

XPe has a broad absorption maxinum at 440 mp thou^ It has only 
end alMorptlon in the ultraviolet (Pig. II). 

Affinity for Iron . 

The compound has been found to hold Iron with great affinity. 

Hhm a sas^e of XPe containing 5 Jig «»P aqueous solution is shakmi 



Slec trfjphoretic mobili + ies otf Ferrichrome, Ferrichrome a and 
the iron-coraplexes isolated under conditions of cobalt toxicity 
and iron deficiency. 
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ifltli 40 )ic of 8 -hydn)X 7 qainolijie in otaiLorofonn (ot o K»lAr ratio of lt 3 for 
lrcmi 3 «b 3 nii%>Ji 7 qiiliw for 4 hr»» It iuis booo foaod ^at tto loss of IrOQ 
from the parmt eoapoond Is omlj Details of Iron estlnatioa lurooedare 

are glrwa In Seetlim B» Mention of^'iKilpyrldjrl or ortboi^ejaanthrellne to 
a dllnte aqneens soltttlon of XFe does in»t produoe the oharaeterestle red 
eolor of the ffttvens Iroa^eeoplex. j^nrerar* when the tiilnte aqaeoas solatlCHi 
of IFe (0,02^ »/▼> is redtteed with 25 *8 ^ aodinn dlthiontte or an Ofnal 
anonat of aseerhle aeid, sabsofaent addition (^. 6 x'<-dni>Friii 3 rl or orihof^enaathrollne 
fires rise to the eharaeterestlo red eolor, indleatinf i4e presenee of furroos 
Irma. OlthioBite rethietioB of a dilpte solntiina of XFe resnlts in 
doeolorisatitm and the eolor is regained on Matmeqnwit aention. !fois eolor 
is not regained when the rednetlcm is carried oni In preseneo of epanlde. 

Presnmahlor, XFe in the natnral state oontalns forrlo iron, which it binds 
strongly. It binds ferrons iron, if at mil, rery 

DI3Cg33I0M 

the Iron^Mnding eoi^minds Isolated nnder oobalt-toxlo and straight 
iron-defieient eemdltions hare id«atleal obrcwatographle and eleotrophoretie 
mobilities (table I and Fig. I). Uhen the samples are hydrolysed with acid 
under identical conditions(the qualitative amino patterns obtained on two 
dimensional ohroaatograms are similar* It appears that the same iron-binding 
compound is excreted by the organism when grown under cobalt-toxic or iron- 
defioient conditions. 

XFe appears different from the ferriehromes on the basis of solubility 
eharaeterestlcs and chromatographic mobility. Identical eleotrophoretie 
mobilitleB of XFe and ferrichrorae at different pBs indicate that XFe Is also 
a neutral ocmipound like ferriohrome. Perrlohroma A has been shown to be 
anUhe ferriohrome (6), 
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It lias bMB iioliitadt oat (Prof. jr.B. MoUando* Ponimal ocwtnudLoati^} 
thatS aJMiTdro^qronilthliMt • e«nstitu«Bt wlno aold of th» forrioluroROs aador* 
fOMi a toaffliog sorloa of dlaiavportiimatltm roae^tma wi acid hjrdroljata 
la prMaaaa of lr«» girdAg riao to aaroral nlidijrclrlii pesltlro apota. 9a^a«it 
atudloa m XPo ]iaae rartalod this to Imi aaaa althoo^ th« aalae aeld 
analyaaa of tho iroa-froa cKaafKwad ab^a it to bo diffwpont tvm. tha 
farrl^roaea* fliMO aafwats ara diaooaaad in Saeti^ B* 

’ 

fha ]Kraaaiwa of a atroag Mnf^Ag affiaitp for fmrrlo not for 

imrrm* irm» tba datoetitMi of a broad i^Niorptitm naxlaBai at 440 api in tta 
apoetmai of XPa and hjdroaplaalBa in tha aeld bjrdroljraata of IFo, Indloata 
^lat tha oraaaa ooMpowid la related to the ferrlehroaaa and the o^or 
naabera of the 8ldoroelm»o (7) elaae of eoApoanda* Oogradatl-va atadlea 
on XPa have been oarrled ont In order to hare an Inalght Into Ita atmetnre 
and these reanlta are presented In Seotion B. 

smmj 

1. A new lron*blndlng eoapoond has bem Isolated as the Iron-oonplex (XPe) 
fron oobalt^toxlo eultores of j|. oraaaa 

2. An ir(»ii»blndlttg ecmpound la also obtained when this organism is grown 
undor ocmditiona of straight Iron defioleney* It appears that the same 
eonpoiutd is seoreted under eonditions of oobalt toaioitj and iron deflelenep. 

y, ProUmlnary atudiea indioate IFe to belong to the sideroohroae olaaa 
of conpoands but ita properties ^ow it to be different fron the ferriidiremss. 
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Scotlon B. PagradatiTe atttdles on tho Iron-bjndjUag eoapound 

isolatad f’pm oobalt*taacle emitfuws of Boaroopora eriuioa 

gr41iainary studios iudloatod tbat XFo has prof^rtios elosoljr 
xolatod to tho sld«roUkur«MuHi» tho tevm sldoroohVMMsCl) boing roforrod to 
tho olssa of Iroib^^Undlof or irop»oaB t a in l ng «raaipe«utids idth s polplqpdbroxaasto 
strueiuro* mw rosults do»ttribed la this sootlsa dosl wttk tho studios oil 
XFo, slood to rovosX tho slidJLsrltlos azal dlffermioos la tho typos sod 
sooants of tho dogradatlim produotd ohtaSjood f ran this uoMr Ooapound with 
thoso n^rtod for tho alrosdj kaowu sldoroehrosos* 

EXPgBOMjBMTAL 

M, Wt* 

XFo was iMlatod froa oohalt»toxlo oulturos of Bourospora erassa 
as dosorlbed in sootion 1. fho product obtalnod was homogonoous on papor 
ohronatograms in ssvoral solvent 

Bstlaatlon of iron 

Tho iron oontmt of XFo was determined using 0-phenanthrolina(2), 
after wot ashing the sample with nitrie-sulphurio acid nixture. 5 ug of 
XFe was digested with an aeid adxturs containing 2 ml of nitric and 0.5 al 
of sulphurlo acids. Evaporation was continued till white fumes of 
sulphuric aoid were liberated. !nha digest was cooled, 1 ml of wat jr added 
and again evaporated to white fumes. The process was repeated thrice. 

The clear digest was finally made upto a Imown volume with wat^ir and aliquots 
ountaialng 5 <>20 |ig ir^ were used for oolor devolopment. 



k Z wl aliquot was uoutralisod wi^ aqusoos anoonia to pB 
agr th« addltiou ^ 1 al of sodlua aeatata-oaatli 
Bolutlcm (10 c» odT soditts aeatata, 40 ml of glaoial aootle aeld and 200 ng 
of tydrocpinono aado up to 100 nl^th wator). 0.2 ml of a 55 ^ solatlcm of 
0 -i^onantbroliuo in wator waa addiKl and tiio ▼c^une aado up to 5 b> 1 . Tho 
rod oolor dovolopod after JO nln. wmm sMuisurod in a llott^Bawaoroon 
ooloriiiator witti filter io« 49. 

umoniun ouls^to (A.B#) su^Jeetod to tbo sane ashing 
proeeduro was used as the standard iron souroo. Sultahlo digestion and 
reagent hlanles wore oaq^logred. 

of XFo and the OCToponod . 

BydrolyBls vas oarriod out with 6 H HC 1 « Degradatiro studios 

on the irtm^freo ooapoond wore carriad out using periodate. 6 n BCl aiui 211 laOH. 

of 

niroe different mothodo wore oxarainod for the removal of iran from 
IFo. These prooeduros inuolwod treatment of the oompound with (a) aold 
(b) alkali and (o) ohromatography on ion-*ex 0 hange resin. 


A ID mg quantity of IPe was disaolred in 1 ml of wator and 1 ml 
of B. K0H was added. %e solution was allowed to stand for an hour at 4° 
and then centrifuged. The oolorless supernatant was immediately adjusted 
to pH 5*0 with If-HCl and then saturated with ammonium suljiHiate, It was 

extracted thiree times with b«n»yl alcohol using 5 »1 each extraction, 
layer was carefully removed after centrifugation and was 



48 


with wthoriwatwr ( 5 * 1 ) wlKtar*. fhtt water layer was drawn and eolleeted. 
Farther extractions with ssalX q^ntitles of water were carried until "Uie 
aqueous i^ase when treated with a solution of ferric ohlor&de did not glue 
the oharacterestle rod color of the ircwMioaplflac. the aqueous layers were 
IK>oLed* wa^ed thrlee with ether and thm lyoi^lllsed. the 
suatmrial was dried eww ^^2^5 iu 'fasastnu for 24 hr* bM 

Ihe product obtainad was faint yellow in eolor hut did not contain any 
Iron that oouM bo dotoctod by O-i^enanthroliJMi laoti^* fho alloill method 
works suocosafully for iron renonral from ferrlehroao (3) has boon 
to yield a colorless product* It is therefore possible that 
slight yellow eolor of the lr<ui«*free ootnpound from IFo was dus to some 
unldmtlflod orgitnie component present la It. 

Boain method * 

The ehromatographlo behaviour of XFe was studied using two cation 
exchange resins and an anlcm exehangs resin. 

Chromatography on cation exohanga resins. 

A 10 mg quantity of XFe in 1 ml of water was placed on an 
Amberlite ISC • 120 <H*) coluim (10 cm x 1 cm) and eluted with water. Hie 
brcMk through fluid gave an intense red eolor wh«i tested with ferric chloride 
solution. The effluent was collsoted till the tsat solutions did not give 
any color with fsrricehloride and lyophiliaed. The product obtained was 
a pale yellow highly hygroscopic solid* This was taken in 2 ??d. of water 
and was stored at 4 . 
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of 0.6 hX of 0,1 M poriodle oold, aeldio oolatlfm was ooctraetod with 

other flro times, using h ml oaeii timo, after adding a drop of ethjrlene 

ether ims eraporated and the residue mas dissolved in water and used for 
qp^tral and paper ehroaategraphlo studies# 

..for ...asid taydrolys.is. 

The Iron^free eoi^pounds obtained allcali or fain treatmmt fres 
10 mg quantities of XTe were hjrdrolpsod with 2 ml of r^ULstilied 6M BOl f^ 
22 hr in pgrrex glass tabam sealed ia vaswum, at 105 ^* ^e inreeantim was 
takwa to see that the air in the tubes was eoaq^letelgr r«sovwd before tha^ 
were sealed. The hpdroljsate was evaporated to dryness in vaouua. k 
snail aiKmnt of miter was added to the residue and was married to drynsss 
again. The proosss was repeatsd thries and the final residue obtained was 
used for amino aoid analysis. 


A sanple of XFo, 10 mg, was subjected to alkali treatment to renoTS 
the iron as described earlier and the solution thus obtained was 
to 2* alkali o«Miom»tration. Ifeis solution was taken in a pyrex test 
svaouatsd , sealed and heated at 105*^ for 22 hr. The hydrolysate was 
neutralised with HCl and an aliquot of this solution was used for amino acid 
analysis. 


hytirogenation of the add hydrolysate. 

The product obtained by acid hydrolysis of the iron-free compound 
obtained fr<Ma 1.5 mg of 2Fe» was dissolved in 2 ml of water and was reduced 
by passing a stream of hydrogen, in presence of 10 mg of Pt 02 » for an hour. 
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Titm eatalyst warn ramovsd by eentriragatlon and im.» cashed aeveral tim«» with 
IH. IffiSl. Tha aapajonataafca ware pooled* eoncantratod in waaraua and nsad for 
aalno aold analysis* 

analysis. 

Qnalltatlva dataatlon of amino aalda wa# earriad ont by papar 
oiuroinatogcrai^ arui papap alaetropdioraala, 

Far paper chromatographic and alactrophoratle analyses* the 
adLkall ^rdrolysatos wmem desalted by extracting the rasldtti^epaatMly with 
acetone eontalnlng 5^ of 6il.BBl (^), The aold<>aeetcme soluble naterlal 
was dried In -raenua and the residue was dlssolred In water* Aliquots 
were thwi used ton chromatography and eleotroj^oresls on paper* 

Paper Chrmaatoaraphy* 

The amlnoaeids In the hylrolysates were Identified by circular 
paper chroma tograj^y on Whatman Wo* 1 filter sheets using butanols acetic aeldt 
water (4ilsl) as the solvent system. This systeas was not found to be 
suitable for the separation of ornithine and lysine* Wiaro separation of 
these two amlnoaeids was needed the solvent system (5) used was ethylone- 
glyool monomethyl etherspropionlc acids 5W HaCls water (350»75»26s49)* "ttie 
ethir extractable material obtained after periodate treatment of the Iron- 
free compound was chromatographed on Whatman Wo. 1 paper using butanols 
formic acldiwater Cl 00 il 5 * 150 ) 1** ascending system. 

Paper electrophoresis 

•mo iron-free compound acid hydrolysate as well as the product 
obtained after reducing the acid hydrolysate, were subjeoteti^to electro - 
phoresis on matrnaa Wo.l paper for 2 hr at 600 volts using pyrilinetacetic 
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eltrlo aeMi watcnr (40t30il2i930)» l® ^•9« Tti« aatm* aelda v«r« d«fc«et*d 
paiHir by ih« iis« of a ^*3% •oX.tttloa of alnh 7 dxd.a In aootono. Totraxollnn 
•pragr (dwiearlbod in 3eotlon A) tnus osad to dotoct tha hj^jroxausato fnaotlon* 

,^iittos£ 

%• oatination of tii« aainoaolds obtained va^mr 

different taydrolTtlo eondltioiiui was oarriod out In an antmatie aalBo aeid 
aaaljrser of tlie t^pe developed bgr Spaoleeanc Stein and l^ore (4) and inatalied 
in tMa laboratory froa tbo baeio ooaip^aante of a loolman nadbl 12SB aaalyaor. 

!Rio nait eonsiatod of rosorroirs eontatnii^c bnffor solntiona and 
alnhydrin roasmt, pampa and oolnms of itm-eaebanfo raeln. ftio roeln aaod 
for obroaatograptoy waa aulidionatod otyrwno SOjf dlvinsdL b«iseno oopolyaer 
proparod at tbo SaticNial Chonieal laboratory* PoMaa* ‘mie wa# snbaoqnontly 
prooossod and fraotionatod into b differont grades of nntform partiole sites 
for the operation «xf the different colunns. teo typ<w «»f ooluans each 
(operating under nozmaX and aoeolerated effluent flow ratae) wers generally 
need for the separation of aotdto and nautratl awino aoids and of basic aaino 
aeids. 

lia the pressnt study* the acidic and neutral asaino acids wore 
separated on a 0,9 x 60 e« eolujnn packed with rosin particles ranging from 
15 »20 aiorons in size and operated at an accelerated effluent flow rate. 

For coaplete separation of the aiaino aoids nonaally pressnt in a protein 
hydrolysate, this aooolsrated run requirocl elution with 0,2 M citrate buffer 
(pH 3.28) at a rat# of hO «1 per hr for 3 hr 3® ““dn followed by elution 
with 0,2 S citrate buffer (pH h-.25) for another hours. 

•ttio basic aaino acids were separated on a 0,9 15 o* column 

containing the resin of partiole sis® 25 - 30 taioro^. 


this oolttsm was 
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d«r«lop«l «t th« norBial mlmnt rstXm of 30 p«r hr. using 0.35 H eltrat* 
buffer (jpH 5.^). 

All the runs were eerrled out at 50°. the nlnhydrln flow rate 
for the Borsal rw» was 15 *1 i»er hr. whwreae •«!# flow rate for the aeeelerated 
run was 20 «1 pw hour. 

other aocessorlss of the unit inelnded the veixlag nnalfold. 
the rMetien eoil of fs^^en ttUadhsClOO* in length) naiatalaed at 100^. 
absorption neter and the reoordwr. 

inte absorption meter eenslsted of 3 eells mad the aeeessorjr 
eoa^WMaents* 2 of whloh were need for measurement of absorption at 5^ 'o^ and 
the other' for al:»»orption at hbO mpm ‘Nte abeorptlons at 57Q were areeorded 
at two ocHieentratloiss in the automstio reeorder to faellltate estimation of 
aninoaeids in the range 0.2 •• 3*# |t»9les with an aeouraejr of more than 95%* 
l^e recorder was operated at a ehart speed of 62.5 mm per hr for a normal 
run and at 125 mm per hr for an aeeelerated run. 

Bie eolor value and the peak positlcm for eaeh amino aeid present 
in a standard mixture was calculapd from a ehromatographlo run of the amino 
aoids under normal and aeoelerated conditions. l!he color value for ornithine 
was caloulatad from a run of this amino acid alone. It was observed that 
the peak position for ornithine coincided with that of larsirs and in all 
estimations of ornithine using the automatic amino aoid analyser sufficient 
care was taken to verify lysine contamination by running simultaneous circular 
paper ohromatograms as described earlier. 

R83ULY3 


The iron contwat of a chrwaatographieally and electrophorotieally 
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par* of XPo, as dotojrwiaod by tko ox^hopbeiiaBthrollno no^od dosoribod 

in tho oapopiaontal seobiott baa bo^ foand to bo b*b8?f. iitth tho aaatiaiptlon 
that 1 atolo of XFo oontaiiio 1. solo of Iroa. tho e^poond can bo aosignod a 
otoXooalar md^t of l£|g« 

Tho alhall aa wall aa tho posIb aothoda haTO boon foimd to I’oaoiQi 
trmt frm XFo offootlv^ly* £a a typleal oaq^orlamit* a 10 ag 
XFo aftoar yomoval of tho natal alliall troataoKt haa aot boos fooad to 
eoataia aoy otundeaXly datootabla iwm ia it* 1» aaothox* a3C|>orl«m>t* IFoS? 
Cfropavod by addiag Fo^lZl^ dlrMtiy to tho eol^Wtoalo onitaro n«ld} 
etmtaiaiiig 13^20 ^pn/l® ag of hho eompound la jj^koaod thaoogh a bowooc 50 
raala oeiaara* Bio ix^o»froo oto^ioiiiid laolatod has aot betm found to omtaln 
aay noasurabLo aadloaetivity* 

Parlodato troatment of tho lroa»froo ooiqpotind. prepared by alkali 
aothod gives a residue ehioh haa bocoi found to bo aoidle in nature. ^is 
residue deooloriaes both alkaline pecmanganate and broalne water* These 
properties are ii«±Lcative of tho unsaturatwi nature of the aoldio residue. 

Jka aqueous solution of the unsaturated aeld haa am xiltra-violet absorption 

. V 

apeotrum with a tsaxlmura absorption in the range 2:14-«>217 aji (Fig* I). 
nateriaijjihen ohroamtographed on pimr developed with butanol:formic aoidi water 
solvent raovam with an Rf of 0,84^. The Material has been detected on paper 
aa a red spot when sprayed with dichlorophenol iBdO{:rfienol indicator. ©sery 
and Soilands(3) have found that ferrtchrome A contains an acid nolety attached 
to tho hydroxaaate^unetion which is unsaturated. It haa an absorption 
aaitliiiiiM at 217 mp in 0.1 M HCl iiuilcating the presence of an alkyl substituted 
double bond and has an Rf value of 0.87 in butanol jforaito aoldtwater. On 
the basis of further studies inoluding infra-red apeotrum. reduction to - 



ng.I , . 

Ultra-violet absorption, spectrum of the acid material ex¬ 
tracted with ether after periodate treatment of the iron- 
free eompouDd prepared from xFe. 



Tiie spectrum was taken ia aqueous solution, 
mental details are ifiven in text. 


The experi 
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$ •HKttthyl glatanle *®id and pw &br<»n^tographle h^tbAvtcmm tii« antboam 
taara ooael»d«d toat tbe a«id aaterlal ts ^ glutaeonle aotd. Tb« 

propaarblas of tba unaaturated a@i.d ebbainsd fi^n tho ipon«fra« eompennd of 
Indieaba 1% %o ba p^awtbyl i^u^cwsic aeld or a eoaiaonnd eloasl^ 
ralatad to it. It oan bo soon from Flf, I that tha miaatarated aeld obtainod 
tr 0 m 6m5 ag of Xfo talcMi in 8b lol of wator bfa an ©ftloal (Ioti 8 lt 3 r of 0,656 
at 21b • 217 Basod o» tbo 2««i* ▼»!»• for p-awthga. glataemiie aoid am 

10»600 ( 3 ) 81^ tbo nolawilar mii^t far WIM ttM *^o soKw^ntration of 

tho nnaataratod aoid t» X aoXo por noXo vt '^o iron^ecMpXox, 

aiai?a<rtkgglMM^^_ OAtimtion of tho awii^oaold ooaponoRto of XTo 

It boo bo«a ra{iortod (Seotian A) that aoM hgrdrolyoia of 3Fo 
giiroo a om^ox odxtnro of amino aoida and the posaibiXitjr has been indicated 
that these eenld hare arisma as a resnXt of dispro^rtlonation reaetion of 
the hydrOixaaiate fttnetion in firesmaoe of irmi. In order to arrire at some 
tmtatire oonelosions as to the tjpes and amotmts of amino aeid residnes and 
fnnetional grmtpa praamt in W, uialysis of the degradation produet^s 
obtained fro« the isron-free eonponnd under eontrolXed hydrolytic conditions 
hare be«a earried out. 

The results obtained from a study of the clroular paper ehroaato- 
graphic b^ariour of the aeid and alkali hydrolysates of the tron-free oompound 
(pr^;>ared by alkali treatment) are depicted in fig,II# In this chromatogram 
are also included for eoaparison the catalytic redaction product of tho aoid 
hydrolysate, 3 -M-hyJroxy ornithine, ornithine, glutamic add and lysine. 

From fig.II it is clear that authwitlo samples of ornithine, g -H- 
hydroxy ornithine and glutamic acid are distinctly separated in this 
systWB, Ornithine and lysine do not separate. Bie band in position 


The fig. represents a chr.raatograffi ran in batanol*.acetic 
aeidJViater C4tlsl) and is drawn accordirsg to scale. The 
bends were developed with nihhydrin reagent. 

1. Acid hydrolysate of tne iron-free compound. 2. S-N- 
hydroxy ornithine. 3. Crnithine. 4» Alkali hydrol^j^ate 
of the iron-free compound. 5. Alkali hydrolysate ofd-N- 
hydroxy ornithine. 6. Glutamic acid. 7. Lysine. 

8. Reduced acid hydrolyaa+e of the iron-free compound. 


«■■■■■■ Intense band 
tf inmmuTO Less intens e band 
f . ::j Paint band 

axxrrsry p Ninhydrin and tetrazollum positive band 
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eozTMptmdliig te ihat ofj <<44i7droji3r omliliiac girva •to* eharaeterastlo rod 
«olar nhm aprayod wito to* tetraaoliua r««g*at* 

fh« Mid faydTOlyaa'to of tho Iroa-froe eonq^Miad ooat&liits aalBly 
two dloilMt niid^fdrija fositlv* ooojpeuiido chromatographing in too positions 
of 8 •S-hjrdroaQr omitlilno and omi'toiiio (or lysino)* Traeos of oortain otoor 
aiiihydrin pooitiro ocn^oimds h«n also boon dofeootad. ttiat too dltasie 
anijao aoid is not lysino has toan Mrifiod ^ papor ohrasatograplity using 
ottgrloM giysol aonoaotoF^ ether:propionio Mldt5 * *s®tt water as to* 
solYSnt (fl«. m). 

to* band oorrMpMd&ng to S ^S^itydmxy omlthiii* in the acid 
hydrolysat* has bessi found to b* totraaolinn po*itir*« %Si*n toe aoid 
hjrdrolysat* is rednoed and ehroaatogra{i^*d toe band oorrespKmdiii^ to 8 
hydroxy ornithine disappears empletoly and too band oorrespondiiig to onsitoine 
aoro intwiso (fig.Ill}* torther. too oloetrophoretic behariottr 
too products of mold hy:;roly3ate and thoso of tha reduced hsrdroiysat* 
b««n studi:^ and are depicted in fig. lY. It can b* seen that the fastest 
aovlng spot with too eathiidio algration has the same mobility a# that of 
an authMtie sample of ornithine. The slower moving spot is both ninhydrir 
and totraiolium positive and has the same mobility as that of 8 -Htoydroxy 
ornithine, toe spot near the origin represents the position of neutral 

aoids and probably represents too mixture of all the traces of degradation 
products. It is olsar from the electrophoretic mobility of the products 
of the reduood hydrolysate, th it tha spot corresponding to 8 -If-hydroxy 
ornithine has completely disappeared with a eoncMitant Intensification of 
too ornithine spot, those studios olsarly indicate that the iron-free 
compound oa aoid hydrolysis yields only two amino aoid oomponsnts in significant 




Lysine* 

Intense bax3d 
Less intense band 
Faint band 








Fig. IV 

Slpctrophcro* Ic aobiliMe-' of he amino acids present in t«h© iros-'free com¬ 
pound acid hydrolysB''Cj recjixed acid hydrolynate, s - N - hydroxy ornithli» 
and ornithine. 
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MMNUito iiAMAljr eniitlilatt aadS «»«4ijrdro3iar omltliisi*. 

'ni* fc llatli liydroljrvat* &t tli« awmpmmi luui also bssa 

found to glvo too aintoydirin posttlso oiMqpononts (fig* H) In slgnlfloaat 
anB>nnts* Of tiuso* ono has tho sans t^bx^nantograj^lo nolKillty as that 
of omltkiao ai^ tho otl»«r with tluit (xt glntanle asid. Ths prsssneo of 
ornlthiao has hosn ^ofisnsd 1a^ soparato «tiroiiatograph7 In tho solTsnt 
qrstan dos«id.bsd osrllor, lOrtliop* l^o j^iosn^o of all tbsso^ anino aeids 
hsTO boon ^nfiswod in sabso^ont stndlss nslng ^o antonatls ralno sold 
analysMT. 

lbs dotooHoR of glBtawio aold In ^ko alltali h^drolTsats snggosts 
tbs possibility that it nay bo prssoat as sw^ or as Itsy «bydft«aaato in 
E* iron ««bindiiig ecmpcrand* Soworer* tbs fast that tbs sold 

bjdbrtriLysats of tbo lron»froo eaiq>otind doss not ctontain algnifleant anoants 
of glutanle sold indloatos that this nay not be the ease. So attoatlon 
has boon glTui to tho possibility that S •li*hyclrony omlttilne mgr give rlss 
to omlthlna and glntanle aold by tho following soqnonoo of roaetions. 

BOOC - (» «CH2> CUz - O0OH 
2 HOOC - CT - CH2- CH^- ^ OH- ^ «% 



IHOH 

HOOC * ^ *082 •CR^ 

-^2 




»«2 


mij 

It is wl«i this in r±mt that a study of tho alkali hydrolysis of (S-M-hydrony. 
ornithine Itself has bo«at oarriwi out.' It oan bo soon frooi fig, H that 
glutanle aeld is presmt not only in tho alkali hydrolysate of the Iron-freo 
eonpouiKi bat also in that of S-»-*ydr<«3r omithlno. It is apparent that 
the lUkld obtained on alkali hydrolysis of tho iron-ffoo oonponnd is 



ill* r«salt of 03Eidatl<Hi ®f th« hydzmaMftt® fuaetlon, th@ proportion of 
gltt t anlo aeid to emlttiine bolng dotonoinod by tko naKmnt ofthe hjrdroxamito 
fnneticm cuE^orgjolng dlspBopoztlonatlon nndior tho Igrdrolytlo a^adltions 
•o^lojrt^ 

Cteantlistl 70 anaX-To la of the amino add ooispiaB^tg-* 

A (poatitiMro oatiiwto of tho aadlno aold oo^^onwnts obtainod 
ondor difforoat IqrdrolTtle owsdltiona of tho ±rm>^v» ouMa^nad hao boon 
itado Mtiyi 1^0 uoo of tho a»to«atio oaliu* oeld aaaljvor* 

tho MlBO ««id ooiipeoltJLoti of tho aeid hjrdroljwito of XTo awl of 

A 

tlio oeld and alkali hydrolyaatoa of «i« iron-froo w^poand aro prooimt^ln 
TatOo I. Tho roaolts of aoid hjdWJlyoia of tho irotMTroe oewpoond obtainod 
by rooia troatnont ar# also inolnded in thio tatolo, Wi# ohMoatographle 

pattomo of tho acid hydrolysato of XFo, aoid hydrolynato of tho l»«i-fr## 

o 

eoiq>oiuid and ita roduetion prodnct. g’-S^ydroaqr omlthino isolntod fro« th^o 
aoid hydrolysate of tho iron-froe otHhKmnd from papor chronatograas and ita 
roduetion product, alkali hydrolysatoo of tho iron-fro# eenpound and g 
hydrony omlthino aro dopiotod In fig V a-n. 

It can bo soon from Table I column A which glroa the amino aoid 
eompoeitlon of tho total hydrolysato of the tron-oontalning compotmd that 
detectable amounts of aspartic aeid. glutamic aoid. threonine, serine, glycine 
alanine, looleucine and ornithine along with certain other unidontlfiod 
ninhydrln positivo compounds aro present (fig. fb A V»). The total reeorery 
of all tho amino acids is approximatsly 1.5 nolos per mole of XFs, of which 
0.9 solo is accounted for by ornithine. All the other amino adds are 
present in wmiwalent. of maoh loss than 1 mole and therefore can only be 
regarded as products obtainid by the disproportionation reaction undergone 
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bgr th» hjfdroxanattt funetloa imdor acid eondltlons in pr*a«aoe of Iron. 
neid bardroljraat* of tho Irtm^dtroo eorapound obtaiaod by alkali treataimt alab 
aontaiiui aapartio mold, thramiiiio. aorino* l^utamlo aold. glyoino. alanino 
looaina, laoloaelaa and omithiite (fig. To AW). Tka ytald of all thoao 
aair^ aeida la eonaiderably laaa aa ooa^red to that obtainad in tha eaad 
9l tba i]r«»i*»0tmfea i . Bin g eoaapcntiid (fabla X <• Golanm 1). Otbar than tboae 
a iai . no aolds i^^o paak poalU^a ba-m barn rarifiad by ^mpa.ri.mtm with tboao 
of a ataadard aijctara of aaino aoida (fig. Va Mad W) an tanknawn oonqpoaad 
la dotoetod in poak poaitlon 29*3 al in tho baalo ran of tba aeld hytrolyaato 
of tho iron^ree eoapoand (fig. f h). Sinoo 9‘•^l-^lytjb'oxy omitbitio has boon 

knoMB to bo prosont in tbo kjrdrolyaato. atwdioa bawo boon nado to find oat 
wbathor this now poak eorroaponds to^—R^hydroagr ornitbino. lAo hjpdrolysato 
baa boon anbjoeted to oataljrtle roduetlon and tho prodnet ia abroamtc^aphod 
aa do|d.etod In fig. VI. aamre tho analyaoa for the baste aaino aeida are 
praaantod. The analysis for the aeldle and naatral are not ineladed alneo 
no Tariatlons In the proportions of those amino aolda have baen dotaetad on 
radaoti<m. The peak in position 29.3 *1 dafinltaly ba attributed to 
P-H-hydroxy ornithine for on reduetion this peak coH^lataly disappears and 
the only aaino aold that is foraad ia omlthins. mhls has been further 
eonfirmod by alsimilar bahavlour of 9-N-hydroxy omithina laolatad from an 

jh ^ 

acid hytirraata of the iron-free eonpound from paper ohromatograms (fig. V j 
and Vk). Table I -column B gives the quantitative picture of the amino 
aolds released on aold hydrolysis of the iron-free eontpound prepared \>r 
alkali treataent. Tbm recovery of ornithine Is 0.3 mole per mole of the 
compound (ealcalatod for XFe), The peak corresponding to S*-W»hydroxy 
ornitbino Is generally not regular and the nlnhydrin color value for this 

aold has not bom calculated. Hence the concentration of ^-H-hydroxy 
ornithine has been calculated fay quamtitatively reducing the hydrolysate 

By this method 
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tfa« aaonnt otS **<»faytiroj(y o]mltliin«i pr«««at, la th« aoid has bssa 

found to ho 0.88 mlo/aolo of tho oo«|)c»nid (oaloolatod for ZFo), 

Tho sold is3rds*o3jvl8 of tho ir«Bj*jrroo odiq^and obtalaod by rosin 
troatwatat (TahLo I -eolnim e) yiolds only 0.17 ■ol* ot omltiiino and 0.55 nolo 
of S ^l-hydroaqr <MnBlthlao. It has also hoso found that tho propoitloas of 

omlthlno aadS >8..hydroiy ©ratthiao vary with slight changes in «io hydrolytie 
e<naditioiis of tho iri«a.froo ©m^potind obiainod by alhali or rosin troatnont. 
Those ▼arla^Mins ©an only ho nttrlbutod to a {Mfohahle Inhoioetlon of tho 
^^Sohydroigr ©raithlne tmmtixm with tho tmidmtlfiod ecn^nonts of this 
partieular eoiqpoiuid. sine© j’.dMqndrojqr smlthlao has boon shesa to ho i»orfsetly 
stai^o in ethor sidoareehionm uador aeld eonditieas in tho absoneo of iron (7), 
la this eontoxt. it is significant to point out that tho eonponmts so far 
idontifiod to bo prossnt in tho iron-binding eonpound isolatod from K.orassa 
aeoount for ^oly 50 ^ ®f tho noleeulo. 

The results of tho anin© aold analysis of tho alkali hydrolysato 
of tho iron-binding eospound aro prosmtod In Tablo 1 eoliimn -0 and fig'' V d 
and Vi. In eoatrast to tho resxJ.ts obtainsd on aeld hydrolysis, tho anino 
acid eoapon^ts of the alkali hydrolysato ean bo entirely aeeoontod for by 
two ahino acids nanoly ornithine (1.9 moles ) and glntasic aold (0.9 moles). 

It has already boon shown by paper chromatography (fig II) that^^-H-hydroxy 
omithino (nitroindane!^diono salt) on allEall hydrolysis yislds only omlthino 
and glntamlo aold. A qnantitativo picture on the yields of ornithine and 
glutamic acid h *a not boon possible due to the lack of velghable amounts of 
the authentic sample of S -S-hydrojqr ornithine. Bewever. it ean be seen 
from fig T * and Vo that tho only amino aoids obtained on alkali hydroljrais 
of an unknown amount of 8 -H-hydroky ornithine (nitro indtoo dione salt) are 
ornithine and glntaiaie aeid. The yields of these two amino adds are quite 
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Q28&l4it8tdv6 Siid.110 add aoalyg^ of tha acid and alltali hydrol^aatas 
of tba iron-bin 3 ing coapoond iaolattd fiK® j. crasaa . 
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Chrositdgrafi of the aciaio aM neutfil n&iso «ei6fi preauit la liie 
acid hydrolysate <d 
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fig. V3. 

CtoMtogi^ia of - h^droiqr waltiiliifl iiol*tfa fey pptp toentto- 
graf&y ft* 0 B tfet add hyarolygatt of thi iroa-fm e^eaag. 



Aa uika^ia tfet s^g oaouat of pn^iai^oa witd ia tlwi ®i5)tri»iatj 
(»pictfd in Hg. Vj. was quantitttlvtly ^Aictd mO. plaegd on tfeg eolnan. 
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Qiponatograa of ■&« basle isiao scidi pris^ la tlkali hydrol^to 
of tii« Iron-fipet coapoand. 
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The alkali hydroljraate froi aa aricaonn hat the atfie Moaat of S- I- 
hy&*o:^ orni'tiilai (alti*© iodide dloae salt) ueM in the expsriaiat deidcted la 
fi«. Vt was placed on the coluan. 




Effluent volume 












)m mMwmd iu t># tbm »a«« t&r 

fejtijrajy mmaltklM^ im tib# tmtm. in iftiinh it i« pr#»«at in tk# 

I. i SCftB i flft 8id«Po«iuftiwi* lb# fa«t« that variable aa4 snail jrields ®f omithlae 
liavs Mmb ^lisiiiml wttii ffiBljr tnases of glntaudLe aeid la tbe a©ld bjrdroljfrsate 
®f tbs lnm«free eoB^xmiui indleate that tbese tw© an<yta asids are aost 
probaMj aot presmi as sa^ la tills noleeal® bat are derived fran ^ 
eraitblae. It ai^peare that ipaatltative ylelda of tbese tw© a»tiin aolds 
are ebtalaed only iMder alkaline eonditiaae* If eaeli Is tbe ease. It eaa 
be eeea that i^taale Mild and eraltblae are presMit to tfcte eateat ^ 3 noise 
p«r iMie «r IF© Mid aeooaat for tbe total anoaat of^ *dfri.*aridroay oamlttlne 
{Hreoeat. 

a^aiatm 

Bi Table H a ooraparlson has boon nade between the degradation 
products of ferriohrottO and forrlcbromo A with thoso of tho H. crassa oonpoaad. 
Tho struoturo proposed for the forrlehroaes is doplotad in fig VI, Aeid 
hjrdroljfeis of the Irozwf reo f orrlchrone yields 3 aolos olS »H*-hydroxy omlthlns 
and 3 nolos of glyoiao. Ondor tbsso eondltions forjrlehrone A gives 3 nole# 
otS -ll-hy iroxy ornithine, 2 moles of serine and 1 mole of glycine (7). 

Bcwever. the orasaa sideroohrome yields variable and snaller anounts of 
^-H-hydroxy ornithine and ornithine. This type of a result cannot be attributed 
to the presence of iron, sinoe the alkali as well as the resin treatments 
have been found to remove the iron conplotaly from XFe, Ferrlehrome which 
is also a neutral compound like XFe, gives quantitative yields of ^ -M-hydroxy 
ornit hi ne vh«i the iron is iremoved by alkali treatment, 

Feriodate treatment of th^ iron-free moieties of ferrlehrome and 
ferrlohrorae A yields 3 Miles of aoetie acid and 3 moles of fS-aethyi glutaeonlo 
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H. A eoM^pariton b«tirMn the degradstlon prodaet* of 
feivietmMM, ferriohrom* A ai»it 1F« 


CottpouM Asld iqrdroljniie Periodate treateeat AUcali hpdroljrele 


Ixoa^irm S«l4>|*iElroagr oralthlae Aoetie wsld (hmlthlM> 

(3 Molee) * fljBtjae (3 wolet) gljreiae aad 

tvnhe^Fmt (3 iiolfl*) large aMowots 

of aoetio aeld. 


Xron«free S-S-bydroxy^ ornlthlae ^etliyl 

(3 moloa) * gljoiiio ( glotaooiila aoid 
ferrlc^ireete A (1 mole ) and < 3 nolea) 

aerine (2 moles) 


IroR>free 
H. eraesa 
compound 


^••>*hydrox 3 r ornithine p^nethyl Chmlthine (2 moles 

and ornithine glutaoonie acid and 

or a closely glutamic acid 

(variable aimunts) related compound ( 1 mole) 

( 1 mlm) 


S • V" I 


ci t. fuc t-u i*s 1 jnc*d el for the _Fer‘r'icHronies ^9) 


H 



Ferrichrome : R = CH3 ; R"^ = R' = H 
Ferrichrome A = R = HOOC — C“ C -CHo ; R= H ; 

H- C - 


HOCHg 



aeld r«sp«otlvoly (3). 3d %h« ease ot XFe» only one mole of ^vaetfa^'X 
gintaooalo aeid or a eompound closeXjr related to it has been dotectwl and 
the prraenoe of volatile aeids in this eoeipOBitd eannot bo ruled ©at at 
present* 


Ibe /ield of onl^ one flK»le of ^«ai©t^jrl glataeonle aeid or a eloseijr 
»oi^aM and tde smaller and -variable yleMa of S -i^^jrdroasar omithine 
on aeid hydroljraia ean be the reeult of an interferenoe by the unidentified 
pertitm of this oompwmS. ehioh ecnuititutes nearly 50^ ^ thin noleeale. 

!Rdji unidentified portion whieh probably ecHitritmtes to the slight yelloir 
oolor of the iron*free eoaqpound ean -very aell be the nain eharaeterestie 
eonponent dlstlngaishlng it fron the other knoim iideroohrtmes. So far 
no knowledge has been gained as to tbe nature of this yet anid«itifled 
eonponent. 


Alkali hydrolysis of ferrlehrtnae has been reported to yield 
large aaoants of acetic acid In addition to glycine and omithine. (8). 

Bowever, a detailed stiniy on -the alkali hydrolysis of ferriohrcme has not 
bem reported. It has been found in tho present study that the ||[. oraaaa 
sideroehrtMae as veil as an authentie san^le of £ •If-hydroay omithine (nitroindane 
dione salt) yield slgnifloant aaounts of glutaiaie aoid and omithine on alkali 
hydrolysis. It is of interest to report hero that glutasde acid has been 
reported to be a product of perforaic aoid ojddation of ^ -M-hydroxy omtthine(9)« 
It has also been indicated that a non»en»ymic disproportionation of the 
sensltivo hydrosylamino group would yield both glutanie aeid and omithine(10)« 

It i# concluded that the ooabined yields of omitbine and glutanie aeid 
obtained on alkali hydrolysis of the iron-free compound of B. erassa aeeounts 
for the total anount of ^-H-hydroxy omithine present in the noloeule, nanely 
3 iwoles. 



It la alao of interest li«re to eonaMer the a»liio aeld and otAor 
eenatitamita of eertaln otiiar alderoeitroKaat aldMmalnea in partloulari 
preaeBted in TalaOLa XI2. It ean be eaail 3 r ae«3t ^mt the ermmtm momponM 
is diffarant f»»i tlie ferrlosominea or the ferrlehrme olaas of eonpoitiids 
eonaidorlng the asoanta and natare of the dinpradation inrodaota ohtaiBed« 
Seomtljf it bam been reported ^at eoprogen haa be«a iaolated trm £. eraaaa 
(MUR at B.0* groan imdn* ooaditlona of iron dafielwior and a iantatire 

stmotore haa a3ao been prc^pmed for this ooa^poand (11) aa gima beloir. 
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Goprogan haa been found to oontain 3 nolea of g «H<4qrdro3qr omithine» 
3 aolea of tran84»5«hytli^^*> 3 ateyi3rL*pent«ie * 2 anoie aold uhieh is rerr 
elosol|r related to ^^ethyl giutaeonie aeld aa oan be seen fron the fomulae 
depleted belov. 


“ 5 ° ^. 

c ^ c 

EOOC CB^ ^B 


COOS 


H 3 C 

HO 6 B 2 CH 2 


. ,JC00I 

c « c 


Trana-^^ethfl glntaoonio 
aoid 


Traii»-.5 hydrojqr- 3 nethyl-pentene- 
2 anoie aeld 


In addi ti on eoprogen has also be«i Indieated to oontain one sole 
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Tablet XIX* k etMqwrlaoa bvtiram tha dagradtatlw pro4aobs of f •rrlo3eanln«s 
and fetrrlehrono olasa of oompoaRds* 


SldoroobrcHU Qltdroacuiato faRotioo 


0^«r aadao Qrgaaie aeld* 

aelda 




H 

B 

% 

S 

a 


l*>awiiio»5**b3rdgoaylM 
pantaiM •*! (Z aiS^ ) 

l*iaiid.Be*.b*bydgoaylaiKliBO 
btttan* •II 


I (1 aolo) 
n (2 mtlew) 


I (3 nolos) 

II (mil) 


I (3 ooloa) 

II (nil) 


X (2 nolaa) 
II (b Molo) 


I (3 tnolsa) 

II (nH) 


I (3 raoloa) 

II (nil) 


Forrlcfartmo 

ai&ss. 

Ferrichrystn 


Farrlbodln 


Forrirubln 


2 •H»hFdroxy ornlthino- 
III (3 Rolaa) 


III (3 *ol*a) 
in (3 BKJlaa) 


aorino (2 iwles) 
glyolno (1 nolo) 

aorlno (2 aoXm} 
Slyoina (1 a^tlo) 


Aeotlo aeld (1 nolo) 


Saeelnle aeld 
(2 solM) 


Aeetle aeld (1 a»lo) 
^eclnle aeld 
(2 laolea) 

Aeetle aeld (1 nole) 
Stieelnle aeld 
( 2 aolea) 

Aeetle aeld (2aK>lea) 
Saeolnlo acid 
( 2 Roles) 

Aeetle aeld (nil) 
Snooinle aeld 
(3 moles) 

Aeetle sold (nil) 
Saoclnlo sold 
( 3 moles) 

Aeetle aeld (nil) 
Saoeinle acid 
( 3 moles) 


Aeetle add (3 moles 


Gls^5»lqnil*o:^*3 • 
meUiyl pant«te»2* 

Msolo aeld(3 imles) 
Trans~5^)i3rdroaar-3 
meUorl Fenteae«2> 
enole aeld(3 





®f ae«tle *«ld and an anldwitlXlad «omp4»i«nt X, atadiaa so far earrlod 

ottt <m tha Ircm^blnding f^KpomS. iTOiatod trtm £* eraaaa An 3JWa <iftld) 
nadar ocmdltloas ©f ©ebalt taaCMilty r©»©al ^hat It «ay b© r«lat«d to tt&pTogmt. 
but abom o^rtaln dlstinpiisliins feattir©©« miiqr are t 

1* Qaantltatir© srlolds of £ «|[U^|dreagr ©mlthin© ar« not obtainoc 
on aold Mjrdroljrsl© ©f th« irei»wfr©« o©aqpe©»d miplLmy^d in tit© pr©s«nt ©tndjr* 

2# Qoljf oai© iBOl© of glutaeonle ©old or a olosi^ r©lat< 

©©©pofiUKi has bowa ebtalaod on fwrlodato trOataant. 

3* G^progon haa bom i^iortod to faav© an absorption baiMl at 
252 *25^ nfL (12} la tho altra -vlolot ithl<di baa not b««a dotoetad la tho Xf© 
aboorptlim spoetram (fig X * Saotloa A). 

b* "nto iron o<mt«tt of XFo has boon found to b© 1%o 

Iron eontmt of ooprogon has b««n roportod to b© 

finally It may bm aentlcntod that tho Iron^blndlng ooo^cmad mood 
In tho prosont study has not boon obtalnod In a orystaUlno form althoa^ 

Its iMno^oi^ty has boon ostabllshod by papor ohroBatography and paper 
olootrophorosls In sereral solront systoas* Tho quantitative yLolds of 
glutamic aold and ornithine obtained on alkali hydrolysis* ths eonbinod 
amounts of which can aoooant for 3 mol^ of £ oM-hydrosy ornithine which is 
nsosssary for the formation of a highly stable poljrhydroaaaate Iron-ooraplsx 
as has bs«n found to be ths oass In ths ferrlohromes and other slderoohromei 
Indicates that ths molecular weight assigned for XFC Is in the oonreet rang< 
Iteder these olreumstances* the smaller yields of S'«*ll*>hydroxy ornithine 
obtained on add hydrolysis of the Iron-free compound on a molar basis, 
appears to bo das to the interference of a highly reactive unldantlfled 
conponant prssmat as an integral part of the istleeul©. 



msm 


1* It» irwoivMnttlim tiKMipauiBMd (X) IsoXatad ».m fctj® lr<m*>ocHq|A«ne 
<xr*) bus hmm ffoand to oontain %jem and on tlila Iwals tho nolMraXar 

of tho aonpewBd Is X228« 

2* Wmi 1ww» ewa b# rsnovad from »• a^setlvsXr togr aUoall or 
vooia trantiMats* 

>* fME<io<la%« trootaioot odf tbs inm^ifroa eoiqpcmnd xloXds 
X nolo of glutaocmio sold or a 04»qpooBd olosoly roilatod to It. 

t. Aold lijrdroXivio of XFo jrLolds rarXablo loroportions of 
mmvmrmX a«Lno aolds ,dao to tho dlsproportlonotixm roaottcm of tho hjrdroxanato 
fmietion proo«at tii this oompoondjin preoones of Xrtm ondor aeld eoi»iitli»io» 

5« Aold fa;frjrol 3 rnia of tbo lron»frs« ootapound jriolds rarlablo 
jrloldo of 03Riittila« and &<^!Mqrds*oa3r ornlthlno* 

<S>. AUeaU bjrdroXyoia of tho iren^roo ocmpound yiolds 2 aoloa 
of omlthlno and 1 solo of glutaale sold* AUcaXl liydrolyBls of an autbsntle 
aasiplo of p ..ll-fcQriroxy ozvltblno yloXds only oniltblaa and glutamie aold. 

7. It haa boon ecmoludod that tbo ooiablnod yields of tbs prodaeto 
of alkali hydrolysis of tho IrcHi-froo oon^wttnd roproaont tho atitount otff -»• 
bydrojQr omlthlno prosmt In tbs noloeulo. nanoly 3 nolos* 

8. nio anallor ylolds of^ xH-bydrorr omlthlno obtained m aold 

hydrolysis of tbs Iron^dTros oos^poiuid has bssn aitrlbutsd to a probabls lnt«rfsrin< 
offset of tho umldontlfied Integral part of this eoapound whleh oonstltntos 
nearly 5^ B«>lscnlo. 

9» A eoaparltaon has boon awd.o between the degradation fnfo^ots 

% 

obtained fro* XTo with those of tho krwnm aldoroehrowwi <aainly sldoraalitoo} and ^ 
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CaAFTSU XX 


JfSfABOEJXE STPDXES CHH XHS XiiC»l«BXliDXlia COMFCHUtP XS01.&TSD WMm 



HgfABOLI C STUDISS QM THE IS08«BIHSIN0 COMPODHD ISOIATBD 


TliOif 




Hm ls9latl(»i of • lax’s* naiteor of IronoMndlas ot i3roa««ffiataiiiliis 
omqpoonda liko foxrl^ircaMf ferriehrone A» forrlexaBia«i» t ow i^ g o n j^o faetor 
iaelodlas tlio si^loxHMqrejyEui (1*2) f9@m alex’mxzsanism hao lod to Invmtlfatl^ia 
rOlatixig to the tv^wMpert ooohanlsais inoolvad in iron notaboUaai. fazthar« 
dotailod atodioo with forrlehxtHao* isolated from tito sant fnnsns gatll*««> 
spltaojfogona (3) kave ostatdlsiiod tlwt this orgaaio iron ean sot as an ix^na. 
donor for hamo sjathS8i% It has boon dsNonstratsd tiiat ferriohroas and 
rOlated oM^ponnds ean act as growtit faetoxv for i^hrohaetor JQ 9* PH^bolas 
Idelnii^. and for eortain other organisas* itfaoso requirements ean be satisfied 
a eoBi{>aratiiraIjr high amount of hasiiii (1). Subsequmtljr* it has been 
aifamm in the ease of Arthrobaetor <ia 9 that it has an obligatory xmKiuii’ement 
for forxdehiroae in order to maintain normal grovtfa and eatalase aotirlty, 
oven though inorganic iron nay be provided in the medium (h)* Bux’nham (5) 
baa observed that ferriehrome -Fe^^ ean get Ineorporated into eatalase and 
that this proeess ean be repiressed by the addition of hmiln in growing 
cultures of Axdihrobaeter JQ 9. Ho ha# further demonstrated that eoU-fi^e 
extraets of Rhodopseudomonas spheroidss are able to synthesise bemin when 
ineubated with an oxLdlaable substrate, protopox^phyrln IX and iron piovlded 
as ferriehrome (6). Ihe striking evidence that these eoje^Munds exert a 
role in iron metabolism has been tbe capacity of several microorganisms to 
secrete specific ircaioblndlng ©onpounds into the culture fluid when grown under 
oondltions of iron deflcimoy (1,7)« The Iron-complexes of several of 
these ooaqMxands have basic similari1d.es with the ferrlohroses sueh as 
possessing a hydroxamate struottire at the iron-binding sits and axhildtlng 
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a HRitual of mm iriLth another as a grmrth factor for certain 

aiearoorganirna. despite a difference in orerall stractcuT's. 


larlier ((%a.pt«r 1) it has been reported that a new iron^-binding 
ccM^joand has bewi isolated from ironMi<Kfloi«it or ^halt«to3Elo eultiires 

erassa aisl that the neir can he differentiated froa 

ferrichroae, ferriidir«ae A and others on the haiiui of ohromatographle 


aobilitlm, TOluMlitjr ii^ropertles and aaiiio acid 0(M|»osltion. Bat erldenoes 
such as its strong Mndlng afflnltjr for f«rri« hat not for forrmis Iran, tho 
{oresonso of S ^IMijrdroKar omi^ino and the deteetien of $»ttethyl glntaeonie 
aoid indicate its siniiaxd.t]r to the sideMu«im»s» Ketaholio sttidies irith 
ferriehroee hare been eostl|r confined to an organimi like Athifohaetor M 9 
vhieh has m oapaeitjr to a^thosise forrichroMe tjrpe eosponnds, bat responds 
stxdklnglj to extraneouslj added ferrlohrone. Bat, prinariljr thmse oompoonds 
shoaU prove ostabolioalljr nseful to parent organises producing then, in 
their iron netabollsn. fhe results obtained In this contest with £. crassa 
are presented in this chapter* 


SfPgRIMMTAL 


M[aterials 

Fe59-eltrate and Fe^CLj sere obtained fro* Atonic Snergy Connisston, 
Tronbay, India* Analytical grade salts were used for constituting the 
&• 0^0030 basal nediun. For the assay of aconltase, cis^aeonitle anhydride 
was prepared fron trans-aconitlo acid. 

A wild strain of Beurospora crassa Bn SW* os nentloned in 
Chapter X was used in these studies* 
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and girgwth iwmdltlOtta. 

tbo GOiBq;>o«itlon of th« b«aal aMMUnm and j^rooodor* mplojed 
for tho preparation of iron defieiont nodla tiairo bean demorlbed In 
(%apt«r I* inie organism was generally grown in 10 ml basal isedinm in 
50 ol pgrrex etmieol flasks in stationary oaltnres at pH b'.S. 

|<[^la^<m and gasar of tbe ironJbindinit owrooniKt 

Tbe iren^biadins ooe^Hmnd <X) was isolated as the Iron-'SonpleK 
(ZFe or XFe^) fnm IrmMleflsisni eoltixre flnld of jB* erassa os desearibed 
in C^iapter Z» final preparation obtained was ohroiaatoipfmpliloally and 

eleetrophoretieally pore and eontained all the iron in botntd form. The 
relative production of the lron«*biiidinf ooBq>ound under different eondltions 
was assirased by the proosdnre of Hollands (1) by adding 1 ml of iron solati<m 
(1 mg/ol) to 3 ml oulture fluid and measuring the optical density of the 
supernatant obtained after omitrifugatlon^at hhO ntp. 

Fe^»oitra te (or Fe^Clg) and XFe^^ uptake studies far it»n»defi^ 

nis iron^bindlng eoii^>ound was isolated as Fs39 labelled oomplax 
(XFs^) end used for uptake studies. Fs^ citrate (or Fs^^Ol^) and XFe^^ 
wore added to 40 hr old lron»deficisBt cultures of erassa at 10 )ig Fe/lO m3 
sAdium Iswel in 0.1 ml asosptically. To some flasks containing Fs59. 
citrate (or Fe^^ci^) the ironUfree fraction propar«Ki from 3CFo by alkali 
trsatmwit (Chapter I) was added after subsequent neutralisation. The flasks 
were then transferred to a reciprocal ohaker and at periodic intervals the 
myoolia and the culture fluid wore reiaoved to assess radioactivity and 
disappearance of XFo^^ from tho media respectively. The radioactivity left 
over in the medium was also assessed. Tho mycelia wore washed fr^m of 
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dri,9d in an anrma afc 60® oyarnlgfat and tban diges^ad 
wltd aeld. aetd digasts war* >ui«d to aaaaoro radloaetlTitj. th» 

diaappaaranoa of X7a^ frtwa tfea aadlun wan aasaaaad ty aaasuring tha 
aptleal dwoalty of th» oaltujpa fluid at 440 ap, 

Radioaatlinty ■aasuraaanta wara aada in a OSS -5 aointiUatioa 
datmtar attaabad to a daeada aealwr (typa 1514, Itaelaar l%tiea|^ CorpowiUon, 
Dm Flaiaas* Zllinoiat D«S»A>)* Ai^iMe^priata aowpaotiona daa to toaokgFonnd 
and radioaotiva daoajr vara appliad* ^a error daa to otrant rata was lass 
tl»aa ± mm ooantad at tha oparation voltage of 1150 V, 

anarae asaayp 

Preparation of ana-ime extracts. 

the ayoalia grown for the required length of tine tfare washed 
with lca<Miold wat'ir to free tha sane from adhering mediat gently pressed 
between folds of filter paper tnd then grouiwl to a fine suspension in a 
mortar with glass powder and phosj^ta buffer (pH 7*0} 0.05 h). The extract 
was eeotrifugad at 3000 x g for 15 nin. and the precipitate was washed once 
with tha buffer and the aupematants wore pooled. All the operations were 
carried out at 4°, Aliquots of this preparation wara used for the ensyae 
assays. 

Bnayae assays 
Catalase. 

Tha method dasoribad by Ramachandran and Sama ( 8 ) was used. 

1.0 ml of the rniaytm extract was incubated with 1.0 ml of 0.2 H H 2 O 2 30° 
in a 50 ml pyrex conical flask. At the md of 5 min. the reaction was stopped 
with 5,0 ml of 5 H.HgSOi^ and the left over H 2 O 2 determined hy titration 
against 0*01 M -KHnQg. The enzyme activities of the extracts were always 
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prMdjujitad tjgr dilution aueh tbut tb« anoant of oaljstrato doeoapoood did not 
oxoecKl of th« total anount added to the neaetion ntxtura# |5»« enaytae 
aetinty la aiqpneaaed aa m1 0*01 K pT&tmka/S *!»• 

atoomie detadyogwiaao 

Ifce Method of dreon et si (?) was followed wbloh involved the 
doQolorleatLim of diohloro}ih«:iol indn^enol in lUfosmoo of eyaalde to infaihlt 
oytooturoMO oxidaao* The iaontoation iidji:tai«e witiidi ooatalned in 3 nl, 0.75 *1 
of 0,2 M (pH 6,8) plioasduito twiffen, 0,15 «1 of 0,053S 2*6 dioblorophotiol 
indophonol, 0,5 »1 waaj^. 0,1 *1 of 0,05 M B3». 0,2 sa of a aolution 
ecmtalniniC 1 eg ogg alhauiin, 1.2 ml of water and 0,1 ml of 0,h M aodiun auceinato 
«aa inoubatod at m llie fall in the optical donaity of tfao dyo waa foUowad 
and tha aotivity ia expreaaod aa fall In optloal density at 600 mfL’^3 aln/mg protein. 

Jtoonitaao 

tlM Method doaerlbed by Horrlaon (19) was followed whloh involved 
the eatlMation of eitrlo acid fomod by Uie masssnala hydrolysis of ois^aeonitio 
anhydrida, 7a ¥.0 eil of water, 0*5 m 1 of a solution eontainlng 20 p noloa of 
ola-aoonitio aohydrids was added followed by 0«5 nl of the enzyno solution 
after 5 ain. After 15 nln. the reaction was stopped with 1,0 ml of 50^ 7CA, 
centrifuged and suitable aliquots from, the supernatant were taken to eatiaate 
oitrio aoid. The ensytae aotivity is espressed as pg citrio acid formed/ 
mg protain /15 min, 

BatiMabjon of oitric acjd 

The method desoribed by Stern (11) was followed, to 10 -100 pg 
of citric acid in 1,0 ml volume in a teat tube 5 drops of M. Bte- foUowad by 
10 drops of 5^ KHnO^ were added with shaking to ensure mixing. the solution 
was allowed to stjmd for 10 min during which time excess of permanganate. 
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Indloatad tha piufple ooloi;'* was aalntaiaad* %« t«st tube was placed in 
lee water and the exoees pemangamt® was deeolort»«l igr the dropwise addition 
ot 6^ BgOgf eare being tak«ei to »o© that exoees of KgOg was not added. The 
pontabromoacetona formd waa oxtraeted with 4.5 ^ 9 t heptane. 2.0 «1 of the 
heptane la^r was tranaferred to a tost tube and h.p nl of thlovurea aelution 
(2 gn ©f aediim borate diaaolved in 100 »1 of thi^treai pH 9.2) was added. 

Ithnr ahahinc for 10 ain. the a^i^Mnta lajer was drawn and the eolor was read 
ht 450 ojk* Ajj^^priata ldaid(a and staad^ards wwe mn. 

gggttaji eatinatitni in mKirm enferaeta 

^he proeedore employed waa that of Inwrar ^ (12) using Folln* 

ClMalteu reagmit (15). k 1$ solution of eo^M»r sulphate was >taixhd with an 
equal volune of a 2jl£ solution of aodiun potassium tertrato (reagmt A). A 
2$ soitttiim of sodiun oarbonato in 0.1 N MaC^ was mlxod with rwtgont A In the 
ratio of 50tl by volume (reagent 3). 0.1 ml of mayme extract, diluted 

euitably to oontain protein in the range 10 « 200 pg waa treated with 5*0 nl 
of reagent B and after 10 min. 0.5 ml of fblin reagent was added and shaken 
iiomedlately. 50 sain after the addition of the Folin reagent, the blue eolor 
developa^ was measured against a suitable blank using a Klett-Siimaerson 
Photoeleotrlo Colorimeter with filter Ho.’ 66. A standard solution of 
crystalline bovine serum aliwimin (Amour and Co., O.S.A.) was used as the 
protein standard. 

Preparation of Folin-Clooalteu reagent (13) 

In a 2 litre round bottomed flakk. the following were mixed in the 
order and in amounts Indleatedi Sodium tungstate (100 g)i sodium molybdate 
(25 g), distilled water (700 ml), syrupy phosphorio aetd (50 ml), eon. H(a (100 d} 
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The ecmtwits were refluxed for 10 hr ami on eoollnf* I 50 g of llthluai 
■all^kaho, 5 ® of dietllled water and drojai of bromine water were 
added) boiled for 15 ning to eai^>ell the bromine and dilated suitable to 
give an aeidlty of 1.0 H. 


mmm 

Bte Irm^'blndlng eomaowid baa been detected in the eulture flald 
maly under emidltioiia of iron deflcieaey whether direot or 
eoadltinned dae to cobalt toxloitj (Oiapter I), To find oat the respcn^e 
«f the production thin eoapoand to the Iron eonowetration of the nedtoBi. 
the organdan hae bean grown at differwut levels of iron. The prodnetion 
of the iron^Mnding oempcmietA^ eatalaae aetivlty and growth have been 
determined under these eondittons and from the reealta preaented in Table I* 
it la clear that wfeereaa the eatalas# aotivity progressively deoreasea 
with deereasing iron eonoentration in the aodiom, the production of the 
inm^blnding oompound showa a oonreapondlng inereaae. Growth itaelf ia 
not atrihingly affected under thee# oonditiona. fact that evsn at aero 

addition of iron to the basie iron deficient medium there is nearly $0^ 
of normial growth, indieates that the growth median though should bo very 
low in iron content oan support appreciable growth even though catalase 
aetivity and the production of the iron-binding oompound are profoundly 
Influenced. 

In view of the fact that catalase activity and the Iron binding 
compound production are strikingly controlled by the iron status of the 
medium in eras.m . It has been of Interest to examine the primary site 
affected in iron defleimey in this organism. It is clear from the results 
presmted in Table II that at 24 hr, mycelial growth and catalase activity 
arc normal under iron defielent eonditions, although subsequently the specifLe 
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Tab!.* X. Kff«et of iroa stabtis of tbo aadlua oa the 
prodaetlim of the Iroa Mja c ii tt g eo^pouad, 
oatalase aetlvlty aod growth of g. oyaaah 

lerela of Iroa hare been a<hied to a basle iroa deftoiwat 
aedla. %e eji^MKriJMHiital detalXa are glren la text* 


Zx^a added 
(hs) 

Xroa-Madiag e<»^p(»iad 
predaoad 

O.D. at 440 1^0 

Oatalase aetlrity 
al O.OX M ntnO^ 
oonsuraed/ag protela/ 

5 

Ctrawth 

m 

dry wt 


0.24 

#.o 

22.8 

0.05 

0,26 

10.1 

24.6 

0.10 

0.22 

12.7 

28.6 

0.20 

0.20 

If* 3 

32.6 

0.50 

0.11 

31.2 

39.0 

1.00 

0.03 

54.0 

45.0 
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Table II, Kfeot of Iron defioiency on the production of the iron«];4iidlng ooiqxmnd 
eatalaee activity and growth, as a fnnetlon of gswth period In g. erassa . 


The experlnental details are glvwi in teat. 


Period 


hr 


Noraal aedla Iron defieieint aedla 


Ipwt- bindittg Catalase activity Qroirth Iroaobiadlag Catalase activity Qroirth 
eotq[>oaisd al 0,0111 DM^ ag conpoatK]. itL 0,011! ng 

0,0 at htO nga oonsuaed/ag protein/ dry 0,0, at 440 eonsuaed/ag dry 

S aia, «t ap pretein/5 eltt vt 


Jl 

- 

4.1 

4.0 

0.04 

7,0 

5,9 

43 

- 

42,7 

30,5 

0.10 

8.5 

19.5 

72 

0.03 

55*0 

42.5 

0,24 

10.2 

24.0 
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of oatalaa® fall# Tory mtiQh balow tb® oonlsrol values und-sr ■fchsss 
ooi^ttons. It is signtfloaat that th« iron^biiidlng ooapoimd is seorstsd 
Into th« asdloa svsn at hr growth mdmr iron dscfiotsnt eonditlona, whsn 
©varall ffpowfeh and oatalaso aetlvity ars not aff setsd. 

It has homo, rsportsd (C^uptar l)that tha notr lroa<>Miidlag ooMpoaad 
fr®a f. arassa Muds iron with groat affinity* It t# of intorwt to study 
tho rolo of JOre as an Iron souroo to oraasa* Iron mi^wnonts in tho 
fona of XFo, forrlohroao. forrichroaMi A, forrie aost fea«3roaca»ato and forrio 
ehlorido bars t>o«^ addod to i^o baste iron dafieiait mediisa and the poteney 
of oaeb to laaintain nomal growth and eatalase aetirlty has boon oxaulnod. 
Baoh sappleuent has bewa providod at a level of 1 pg Fo/lO al of the iron 
deflelmt nediun. 'Rte results azvt presented in Iteble HI. It is evident 
that XFe is as potent as inorganio iron and ferrlehrono in saintalxig nomal 
growth azal eatalase activity and the organism ean utilise the iron of XFe 
evwi though it is held very firmly In the ehemieal 

If XFe aots as a gmieral iron donor to the organism. It 
Influenoe the activities of not only heme ensyaes, but also of the non-hwao 
ix^n ensymes which nay be affeeted in Iron deficiency. To makajthe nedium 
strictly iJTon-fres, the organism has becnx garown in the basic iron deficient 
medium for 40 hr, by vrtjioh time iron daftoienoy has sot in as indicated Iqr 

a fall in not only catalase activity but also in tho activities of non-h«»o 

n 

Xik« suct©lrilc dehydrogenase and aeonitos#* Iron a» Fed'll an d 

XFe has been added at 40 hr growth to the iron deficient cultures and all 
the three ensyae activities as well as growth have been estimated at 72 hr 
growth. The results presented In Table IV indicate that the addition of 
inoz*ganio Iron as well as XFe restores the depressed ensyae levels to the 
same ext«Bt. 
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tKlPk* ZIZ* ef iW*, F^nrlehrom* FandK^uroam A» 

Fvrria memtky&eoxkm&tB and laoi^^axile iron cm 
growto and eatalase antlrltar of £, eraosa. 

%a acMgioai^ itav« baon addad at a lavol of i j|ig Irmat^lO al 
Iroii daflelmit aodlaja. tb* oaq^orlnMnotal dotalls ars glvan in tosit. 


CkM^pound addod 

{taniwth 

m 

dFF «t 

eatalaao aotlvltj 

adL 6«{>3JC mn(% ecmanamd/ 

1 % |mot«ln/5 nin. 

Mil 

1^,5 

13.4 

ZFo 

ko,b 

33.9 

Farrloturoito 

42.5 

55.6 

Ferrlehrona A 

32,8 

33.8 

Forrle acothardroacanato 

35.0 

37.0 

Foca^. 61120 

44.4 

56.1 



Tabl« IV, Sffict of Inorganie iiiJii, sad Sts addod to ljron>4tflel«it o«Q.ta]*tt 
at ^ to. growth, oa Catalast, abeelole dwbydrogMiaa®, Aoonitaso 
and growth of |. araaaa 

Ths atyitMB havi ham. wadi at a Ivrel of X |ig Fo/Xd il aaiima* 1%« 
rofttlta of enayatc aetiirltloi ar# ox^roasod aa poreantagoa of tho walaoa roaordad 
for kQ to aoraai afeaXla iMah art talOKi as X()0, lha aotaal vaXiits art girwi ia 
paraatliMta* 

fim ao^mdiaraital dotalis art glvaa la taast* 


Xroatamt 

CtinlAif 
aetlvltF 
al O.OIM Wk 
eoamuMd/iig prottia/ 

5 ala. 

fttoelnia 
dehydrogtaase 
aatlflt]r<^aXX 
la 0,0, at 800ip/ 

Bg protfla/X aXh, 

Aacmilaat 
aetiwltF 
pg altria tald 
ag pretiia/ 

15 ala 

drevth 

ng 

dry wt 

40 to loraal 

ISO (38.5) 

100 (0,X0) 

190 (97.0) 

25.2 

40 to lroa« 
daflGlMit 

25 

70 

84 

X8.0 

72 to Moraal 

13a 

120 

70 

48.0 

72 to irott- 
daflolmt 

30 

40 

40 

28.0 

XFo added at 
40 hr 

1X0 

92 

82 

42,0 

Iroa added at 
40 to 

XX9 

87 

80 

44.0 



Ibivlag MtatiUstMd tlM mtabollQ potftney of XFo oa an Iroa donoPt 
tha inbapoat baa baan to aaa wtwthar XTa la permeable to the eall or the 

IS . . ' 

lroii^aidi.tt Off axtraoallalarlor aM than ijtaorporated« IPa39 has ba«i 
proaidad at 10 pg Fa/lO tO, iMdltat to bO hr old tewiMlafioleat eultaraa and 
tha flaaka are ahahwa in a raalpaoeal abakar. At dlffarmt intarvala of 
ti»a» tha inaorporatlon of radloaetlvltF Into tha aqreelium awJ the dlaappaaranea 
of ara^y froa tha iiadiiiai» hsjr aaaattr^ tha fall in O.D, at tho hara 
boon aaaaaaad. Sinilar uptaka atudlM hava alao ham eondnotad ahm 
irm ia proridad aa Fa59 oitrata (or Fh^^caj). tha raaalta praamtad in 
fahla T li^eata that idiaraas lFa$9 inaorporatlon raaohos a maxiaiti)i within 
15 ain. that of Fa^ aitrato takaa naarly 2 hr to raaeh a almilar loral 
of incorporation. Whan irm ia romrrad froa XFa hjr alkali traataont 
(Oaapter 1) and the ircm-frae fraotlim la added to Fa^ citrate after 
neutraliaation. again a almilar enhaneed rate of Fa^ ineorporation is obaarrad 
as eompared to that i^en Fa^^ citrate alone la nsad. fkw myealial weights 
ronain w>ra or lass oonatant throughout the Ineubation period. Fa^^Cl^ 
ineorporation follows tha same pattern as that of Fa^^oitimite. To further 
subatantlate that XFa has been taken in as an intact aolscule, the nqrealia 
just after 5 «in. incubation with XFa^^, by which tine the Fe^? taken in 
would not have been dlasipatad to other systaas appreciably, have bean 
washed wall, aatraoted with phosphate buffer and the buffer extract processed 
as for XFe Isolation (Chapter I). !ni 0 final preparation chromatographed 
on paper in two different solvent systems gives a radioactive spot corresponding 
to XFe and accounting for 60^ of the total iron uptake. Studies with 
idanttoal ayaalia provided with Fa^^cltrata and prooaaaad under Identical 
conditions indloata that the spot oorrasponding to XFa can account for only 
lOJl of the total radioactivity Incorporated, This 10^ nay be due to the 
f oraation of tha coaplax in tha nyoalia as wall as due to the saall aaonnt 
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f ftbla V. 

aad Fa^oltWkta vpUlM by ^ hr. old IraaMafleiant aqrealla of J. eraaoa 

additions haro bom aado at 10 ^ Fo/lO al asdltm in 0.1 al rol}^ to 
40 hr old irocMtaflelffiit oaltar«»« l^o sa^arlaffiital dotalla aro glv«Ei in toxt. 


Ifo^aiptatai 

InohbatioR "" .. 

Badioaetivity o.B. 

tint in la of 

aysalinm asdiun aedlaa 

(aia) opi/ayeslitM ipi/lO «1 at 

aodloa 44ii^ 

{ * lot (* 10^) 


fi^aitrata 

v^ttalea 


fif^oltrata aptaha 
in prasKMa of 
iron^fraa eospcmnd 


iadloaatialty BadloaetiTlty 

in in in in 

iqroalitia aadi«n nyei^nn aaditui 
efn/ayoalina opatflS ol epn/nyaaliiai opn/lO nl 
aadim aadinn 

< a 10^) (a 10*^) C X 10^) ( X 10*^) 


0 

ao 

2.29 

0.130 

oia 

2.29 

- 

2.29 

15 

1.76 

0.44 

0.010 

0,40 

1.87 

1.75 

0.44 

30 

1.85 

0,35 

0,008 

0,72 

1.53 

1.81 

0.40 


1.83 

0.37 

0.008 

0.99 

1.28 

1,81 

0.42 

60 

1.89 

0.32 

0.008 

1.25 

0.95 

1.85 

0.30 

120 

1.91 

0.29 

0.008 

1,86 

0.35 

1.86 

0.36 


FitMi the radioaotivity actually detected in the afceliua and that left over 
in aadiua, the losaas due to washing of myceliuia and other aanlpulations have been 
asaassed. The loss is about 5 - 75& of the actual radioactivity ex^jected on the 
■yoeliua (calculated from the fall of radioactivity in the nedim) aiKi is in the 
sane range in all oases. 
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VI* Dataol^lon ©f XV©59 ^ nyto^xivai 

M) hr, ©Id lrmi^©£lei«n% ^jrcaHa after l»aabatl©n with xr©®^ and 
eltrata added at 10 F©^ ©1 ©©dim* haw© b««a pr©e©s©©d aftar 

thereui^ washlag to r«m>-rs adhering radioaetlritr and the final preparation 
'^iroaatograj^ed on paper In two oolmat ajrsteau. The radioaeti'Vltp’ |mt 
In haa been adjaated to giro 2^2? x 10^ emate/nla/lO nl 

Tto «np©rin«atal details are glrm la t«tt. 


Cogqpomid 

added 


Badloaetlrlty in Badleaetlrltp- la XT© spot 

nyoeULan ..... . .. . . . ......... . 

oounts/nla/ Bataaoltioe^e aeldi ifettunwiltwater 

aqroellmi water, Rf » 0,5^ Sf • 0,«S 

eotmts/ain eoants/aln 


59 

IF© 


8080 

5600 

5t80 

1560 

150 

175 


F.59 

oltrate 
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®f thm lr«a-bin(iiac already i»r«s«it la the 40 br old Irea-dof ioierat 

eultare fluid, Tfaoso reaulta aro presented la fable VI, 

Within the short tine (15 nin) of aaxinal XFo^^ lnTOV|ieratlim and 
dlsaj^oearaiMn froa the nedlua, no possible broak doim prodmeth oan bo deteoted 
and the radloaotlvlty Inoorporated eaanot be oaohanfod when relaoubated la 
a fresh nodlun eontaiaintf oold XFE or laorganlo Iron, 

tVT f filiQIT AMT 

mb* produotloB of the Iron^bladlng ofaqpound la H* opasa Is st riking l y 
d^peadsat on the ixm aonoeatmtioa of the nedlim as is the ease with the 
prodvatlon of the oilier lroa«-blndlng eos^uads reported by Seilands(l). 
Progressive laorease in the produetlon of the lron*lxLndiaf eoapound and a 
oorrespoading deorease la oatalaso levels with the fall la the Iron status 
of the nodlun ostabllshes the depeadenoy of both the systms oa Iron nutrition 
and s rseiproeal rslatioashlp bstwsm the two. 

Ferriehrome Is the natural Iron-eontalning netaboUte of Pstllago 
SDhaerogena and fwriohrone ^ 1 la the lroa<»bliidlng nolety secreted under 
eondltlons of Iron defiolenoy bF the sane orgakhism (3*15)* Bumhan and 
Kellands (h) on screening several aloroorganisas for ferrlohirotte activity 
have found that eraasa (I6ll7) gives a strongly positive reaction and 
oxmwtarB as well the teat for bound hydiosyiaailae, Prelininary stadias with 
E* orasaa Kn 5297a indloats that two iron chslates eould be isolated froa 
nyoella grown under norsal eondltlons* one having an Rf value eorrespondlng 
to ferriehrome and the other to 33PB. Both the ehelates on acid hydrolysis 
answer for hydrojQrl saino. These prelininary data are presented in fable VH 
sad it can bo sew that the iron-chelates put together account nearly for 
of the total Iron taken In toy the organism* 



Th# ••oration of the insn-telnding swtety aadar dafieimt oondltlona 
««n ba asqplolnad as due to the onarialblllty of Iron for the foraatlon of 
thf natural ehalatea« If Ilka farrlehrogta* tha J|* orasaa Iron ehalata 
aeta as tha natural lr«n dooor for hawa synthaais in this oj^aiitsa. tha 
a«ex>stl(m of tha irma^Mndlag nolaty would praeeda tha fall in ewtalasa 
activity whan tha ox^canisH is grown uxKlar Ixm dafletant aoj^tlona as Is 
iUustratad la data prasaratad la fable H. 

%• survlYal vslaa of tha fIckmBmmmt of irotwMBdlng eoMpoiaad 
ute 

saoratlon to^parmt organln Is ostabllshad by tha aataboUe potanoy of XFa 
to aet as an to mintaia n^tdial growth and catalaaa aotlvityt 

mwm though tha iron is hold stremgly in tha ohMdLaal sas»a (fabla HI). 

This Is furthar anphaslsad by a oarbain spcMilflelty shown by the organism 
as roipurds the naturs of the organie iron it can utillsa. ifharoas farrlohroma 
and IFe servo as good souroas of iron. farrlohrcHM A and fariie aeathydroxanata 
do iw»t sarva equally wall, whim all these are provided at the same iron level 
(Table IV). The nutritional Inaetlvity of ferriohrom# A has already bem 
noted with Arthrobaoter JQ 9 (^) and it should be of exeluslve Importance 
to the parent organism 

work iapUoatlng f erriohrome In Iron sequestration and 
transport has been mainly confined to the role of these compounds In supplying 
iron for h^e synthesis. Burnham (5) has envisaged a possibility that In 
JG 9 there can be two routes for iron incorporation, ono to 
the heme through the ferriehrtMse and the other representing the non.^heae iron. 
But studies with 3DPe in the present investigation have revealed that when 
it is provided as the sole iron soxirce, it not only can support normal growth 
and catalase activity but also imfluenos the levels of non-h«»e iron snayass 
like suecinio dehydrogenase and aoonitase. Ifttils m>t much is known regarding 



TAbI» Viz • Isolation of Iron-cholatss froa nomal a^slla of eraasa 


agroslla frown for 72 kr wltk Fo^^elirato In normal 
nsdla wmro pooled* extraoted wl^ plu>s|tete Ijoffer and taiffer extraet after 
saturation wll^ (Hi|(i|);^S% j^roeiwsed as for IFe iselatloa as deserlbeid la 
(^pter I* 


10 fa of fresh njroellna labeled with Fe^ 


|tes]^te buffer ejctraetioa 

(0.0> m I® 7#0) 


Raeldue 

2«73 X ICP »]» 


Supe^taat (4*85 x 10^ 
saturation 


Freelpltate 
5,03 X 1(P epn 


Sv^^ematant ^ 

3*75 X W epa 


Rf^.38^ 

0*50 X lO^epi 

IbMbroBatography 
on 50^ aetham>l 

V 

Bf - 0.79 
0.h5 X 105 cpm 


2 N BOl hydrolFSis 
at 105® for 12 hr 


BlFdroxylaolQe 
deteoted in 
tqpdrolFsate 


BensF^ ale«^l extraction and 
Isolati^ of the Ircm^chelate 
foUcnnid by ehronatofrafdgr on 
paper (butanolt aeetlo aeidt 
water bil*l) 


af - 0*54 . 

0 . 5 b X KF ep« 

Itoehronatography on 
methanol 
4r 

Rf • 0.18 
0.b2 X 105 epn 


^ aci hydrolysis at 105 ** 
for 12 hr. 


Rydroxylwaine 
deteoted in 
hydrolysate 
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Mtlrm ^tmr of tiiase mmyrnw and tho rolo of iron in influencing th# 
aoUintioa of on^rao* aajr bo ladlroet, it i» oloar thai JtPo ean supply 

ijpon for si^ a rol4»* 4t least in the parent organise g, eraasa. the 
erpunlo iron ohelate eleborated by it ean aseone a gmoralised rolo 
controlling iron auf^ to bone as sell as non^iieate ir*® eazyne systees. 

®r*a in ^ 9 wlwKre it has bam established that f^rlehrene 

iaflaenees hone synthesis, the effects of ferriehroiae deprivation on inm- 
hone iroii ansym systens nay i^ve xlse to interesting results* 

fhs last evidenss oitsd to lisdieaie the swtabolie potmey of XFe 
is the strUdnc avidity with sliieh the iron def Icteat myoellu-a tahee up XFe 
as seNepared to the rates of entry of liuirgaBie inm or a sisple ohelate like 
f errio eitrats* It is not elaar shetbor this is due to a prof orontial 
ineorporation of the biologloally aetive ohelate (falxes F and VX>. A 
parallel situation has also been net slth in toaato plants whers ferrioxanin B 
transloeatlim to l^e upper parts of the plants takes plaee more rapidly than 
ionic irtm (%&), 


Finally, the isolation of the natural iron chelates elaborated loj 
|[, eraasa shm grown under nonsal eondltlons with optimal levels of iron and 
their participaticm in iron metabolism of the parent organism await further 
investigation* Such a study is warranted by the nstabolic potency of XFe. 
isolated under iron defloient conditions* 


a miw aaT 


1. Kaurospora crassa Ba 5^S97n secretes increasing ooncmtrations of 

the iron»binding oompound (1) ^^th decrease in the iron eoncentratlon of 
growth Bwktiua from optimal levels* Catalase activity shimni a 
decrease under these conditions* 
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2. lro« dttflsleiit scMOdltloits tti* i^rodaetion of ths IroiwbiJi&dtlx 

ooa^vmd |»r»o«d«s tk* fall in eatalaa* aetivltjr. 

3* fti* ireommaplux of tho iroi>»blndixig eoa^und (Xfo) oaa aot as 

a good iJK>n seuroe for tho organic to ataintain noraial groirttt and oatalaso 
aetivlty, Iflillo forrlokrwao is squalljr affoetlvo* fsrrl<^tm)«o A and 
forrio ae«t kydrewiUBate ora oml^r partiallf b«9«fielal. 

Xfm also laflaanoos BO»»ka«M Iron onnijn*** liles snoolnle dobydrogonaso 
and aeonltaao, wkwn provldod as tlie solo Iron sonres. 

5* Xfo is pmxmmblm to omasa aijreolla and is inaori^ratad at a anek 

faatnr mt« as eonparod to tkat of inoz^^inio ircsi or a sisi^s oholato liko 
forrie eitrato* 
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mmas mccxrx nm mm mskmum [a 

!«• b«wi rttlM.t9d t& « oonditloiied is^ daflciaaey 

in (X) * A dijrwi iobMi^.t.4uP«(i antagonism Is dsmoastrmbls 

^ ** Heaijr» GlMaf «id lfelln»y (3) as a yssait 

or studias at tlia anayraie Xsfvsl tairs aansladad l^t eobalt toxloity is 

Xrm d«flQlSR0y in |^» <tewwaa. A farttor striking 
Qvidsnae far a solaULt«ijnm aatagMii«i in tkis on^aiss has bsea ths isolation 
of an iroQ»biiidiiig ofM^ponad (X) trm ths aoltors flaid whan ths organim is 
grown nadsr Msiditiiwis of straight iron dafieianoy or eohalt t^eity (Chaptsr I). 
fhs irs»iMiagi^laa of the lron*biiicIiiig soiqpionmi (XFa) has bam found to sorro 
as a good amrem of iron for ths parent organisia to maintain normal griMftht 
satalase and a few K^n<»b«ws iron ensyas aotivities* farther« this organio 
iaroB gets Inoorperated into the aqrosliua at a mudi faster rate as eoe^arod 
to inorganlo iron or a simple ohelate like fsrrlo eitrato (Chapter XI). 

Studies hare also indioated that XFs helongs to the slderoohrome (h) class 
of eompounds (Chapter I). 

hx risw of these observations, a detailed study on the interference 
of cobalt with the iron metabolism of the mold erasaa has bean carried 
out and the results are preswited in this Chapter. 


Carrier*free Fe^- citrate and Fe^^Cl^ were 
Energy i, Treid>ay. India. Qlyciine»2«4$^ was ebtainsd from the 

I, Axersham, 0*1. Protoporphyrin IX and rsorvstalli 
httsin were purchased from Haim Research Goapw^. XFe and 
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both Xjpo* ooba3,t»t<»clo and Iroa'^doiTlaioat oulturo fluids of M. ewmsa.. 
CNltwrs and geobth wmdltloBs 

B* 5297 a (wild) was used In thooo studios. Tbo 

organism was grown la 5*^ *1 pyrmx eonleal flasks la 10 «1 aodliui at 30^ in 
atatl^aaTT’ oultures. !^is omiiiesl'^Un of tbo aodlua teas boon citosorlbad. 
la Cte^tor ^ 

Tbs orgai^t^ was grown la prosonoo of 800 pg «obalt/l0 ml basal 
Bodloa and optimal Iwols of trim (1 pg F«/X0 ml basal asdlum ) as Fo^^eltrato. 
Aftor tho organism bad grown for tba roquirod pariodr tho aposlia wars 
rwaorod, washed frso of adhering radloaotlvity and the fresh weights ware 
recorded. Saoh apeellum was made into a fine susponsltm with 5 *1 of water, 
in aliquot was used to measure the total radioaotliritp ineorporated. flie 
rest of the aliqtiot was prooipltated with oold trlehloroaeetle aoid (10^ in 
final oencttitration). the preoipitate was washsd 4 times with cold trl* 
ehloroacetlo aoid and the radloaotlTltp on the precipitate was measured 
after digestion with aoid. The trtohloroaeetic add prwcipttabla Fe59 has 
been referrsd to as bound f.59. 

^fect of cobalt on Fe^^ and glrcipe incorporation into the aycsllal 

%e aoreelia grown in presenoe of cobalt and the appropriate tracer 
were washed free of adkiering radioactivity and the hmein was isolated frcn 
the a^elial aostone powder according to the following method of Labbe and 
Kishida (5). 


the mycelial acetone powder was pr<^red by homogmtising the 
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mre«Ila witft 5 vol, of eblll«cl &o«i<me in n vtutlng tjlnndior. the rsaultin^ 

slmry wut ftltawid tiuroagh & Baohnar funnal* wastvKl hII^ an «xee8« &t 

eiilXlad aoatcnsi** and tli® jraaldua apraad oat on fiXter popor and allmfod to 

dry. fb« aootono powdor ms stori^ in a dosiooater at X g of tlio 

aeotono powdor was suspoMod in 5 nX of mt«r and XOO nX of a soXvmt nixtoro 

of aootio aoid satturatod witli strmtiun obXorido and aootono (1<3) was addod* 

Maoo snffittiottt dmin mold net bo isoXatod to jpomit subsoquMot pirifioation 

50 «g of oarrlMf tn^ia ms addod* Hi* aixtano was aXXowKi to stmd orsmii^t 

and tbsn l^rlofXjr hoatsd to tlm boiling point of tte soXmoit and flXtsrod* 

Tbo rosidao was waadisd thrioo wildi XO al all(|iu»ts of tbs aoatle aeldiaeotono 

<% 

aixtnro and tha filtrate was hmtod sXowXjr to X02^» Haoin startod orjnXXising 
on o(»raontratlon and was alXcTwod to b« o^qiXstsd error a poriod of 2k hr« 

Thm howtn crystals woro eolXeotsd by emtrifugatim aM wasbod sneessalTsXy 
vltb SOfif aootio aeid and mtor. oaeb washing boing ropeatod twlco. Tbo 
erystaXs wars fnrtbor wasbod onoo with aXooboX and finally with otbsr. 
RooxystaXXlsation of bsodn ms oarried out by dissoXring the final proparatiem 
in pyrldino<«abXorofora (It3) sod fiXtoidng into aootio aold oatnrated with 
strontion cbXorldo* 'Rto filtor papor was mabod with snail lusotmts of 
chlomfom till froo of color. Haain ms Isolatod and wasbod as boforo. 

Tbo boniB sanqple ms thon dissolrsd in aUcalins pyrldlno and aliquots woro 
takon for oeasuring radioaotivity and homln eontont. The radioactivity on 
a hnoim anomt of bonin from a known woight of the nycelitm has boon takon 
as a aoasuro of tho Fo^ or glyoino-2-G^ ineorporatlon in^ tho ayeolial 
htnto fmotlm. 

Bffoct of cobalt on Fo^^ inoorooration into protoporphyriB in oolUf roo oxtmeta 


into proeaduro onployod was essentially’ Idio samo as dosorlbod by 






Mlshida and Labb* (6). 72 br, old noraal m/oella woiw ground la 0*1 M 

pbospbat* buffer (pH 7.5) ia presene# of t*fe«n 20 and glass powder using a 
pestle and mortar and eentrifuged at 15.000 * g for 20 adn. after keeping 
the h<»mgenate stirred for an hour* This «iaya» preparation was ineabat^d 
with the eth«uf eonstituents in anounte as used by Isbbe and Hubbard (7) f<0r 
2 hr. under nltrei^ at yf in a Sutsieff netabelio shakw. nxe ee^posltlon 
ef ^e Imndiatltm adxture was t Ires (Fe^3(^} * 2 h nolesf e«^alt (Cte^ 6 l 2 )- 
30 mfi leslesi Proteperi^qrriii » 30 nfi nolesf trls (j^ 7.8) * WQ jtnolesi 
Aseer^e said • hO jesolesf Basyne • 0.5 nl sontalning 6 ng prot^n^O^ 
iron-binding fraetion prepuped free IFe by alkali traatmeoit (<Shspter 1 ) was 
added after nteitraUsatlw. in 0.1 nl and in slight sxoess squivalents of 
ths iron prosont in tha ineubaldon niacture. The reaeticm was stopped with 
aoetie soldi aoetone adxture and hemin was iselatsd and rsorystalUsed frcmi 
the ineubatlon lalxturo after adding 10 ml earrior blood bT ^e proesduro 
Indieated earlier. The roerystalllsed hemin was dissolved is allmllns pyridine 
and aliqwts wore used to measure radlosetltrlty and hemin content. ^Oum 
iron Ineorporatlon from intaet was studied under these eondltl(»)St 

it was found nooossary to use higher levels of substrates owing to the low 
apeeiflo aotivlty of the isolated IFo^. The Inoubation mixture in 5 m3, 
eontalnedt Iron (Fo^^SOg or xr.») - 0.5 p moles Protoporphyrin - 0.6 pmolei 
Trls (pH 7.8} - 360 p moless Aseorbio acid - 80 p wiles Snaymo - 2 ml 
eontalning 6 mg proteln^ml. 

Hadioaetlvo measurements 

msssuraments were made In a Oelger-MUUer end window oouster 
attached to a decade scaler (type 15 IA, Huclear-Chioago Corporation, 

Besplainos, Illinois, U.S.A.l, Appropriate corrections due to baokgrowund 
and ealf absorption were applied. Fe^^ aeaeureisients were carried out in 
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a walX-tjpe s*iatlllatlon dataetor attaohdd to a dewade oealor. 
dao to radioaotlTo doeay woro takan into ao«soxiat la Fa59 Bwasur«aa&t. 
thm arror du# to eoaat jrata mui withla ♦ 2jt, 

Ss^sssjsmsc 

Gatalaaa aatlvltF was dstaswlnad is tba Mgreallal ^besidutta tmffar 
axtraets by- tha ptt»osd«ra dasorlbod la Obaptar ZX« Protala o«ntw»t was 
saasurad aaoardlag to l^owry, isaabroagb* Farr asd Baadall (8). 

Iba j^roduatlon at tba Irtni-^bixiddsg oonpound was aatisatad aa 
daserlbad is <^ptar U tqr adding 1 nX of PaGl^» 6 aolntlms (1 ng Fa/al) 
to 3 nl of aoXtaara fIXtrata. mia aapematant obtalnad aftar emtrlfogatl^ 

was saasorad at M40 mfk, 

wmm 

It has baan Indleated tbat a raolprooal ralatlonshlp axlsts In 
M. orasaa batwaon the produotlon of tha lron«>blndlng oonpound and eatalasa 
acti’/lty and this Is govamod by the Iron status of the growth nedlim 
(Chapter II), It can ba soon from data prasantad in table I that ineraasing 

ooncentratlons of cobalt causa an Inereasa in the production of the iron- 
binding eopopound and a corresponding fall in the catalase aotlsity, the 
fall in the production of the iaron-bindlng compound at the hl^tost lerol of 
oobalt employed can bo oxplalnad as duo to the savare inhibition of the 
growth of the organism* 

thust the reaults presented above aisulste conditions of strali^t 
iron dsflelency and it has been of interest to examine whether cobalt 
causes an Iron defleleney by iiditiriLting the uptake of the ess«ntlal metal 
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Z. Kttmet ot Qonovatratlons of mobaXt, em sr^t;li» 

e«%ftlaao ootlTl^jr aixi irmwtotndli^i; ooB^po«Bid prodootl^ la 
&,• fKTMimm At tho ond of 72 hr greirth. 

nt* «9^p«rtJMiitaZ fiotaZls mro sirm la t«xt« 


C^»alt 
Addod 
ad/io »i 
sedloa 

Orowth 

as 

dry itt 

CaIaIaoo AOtlrlty 
mJL 0.01 If ffifioO. 
«M!Hssiuii«d/Mg orolaln/ 

5 Mn 

' l^f^a»bladlag 
eonpoABd 

0,B« At hhO afft 

AO 

42*8 

50«a 

0^03 

50 



0.10 

200 

37.2 

20*2 

0.16 

600 

28.1 

13.1 

0.20 

800 

22.0 

9.0 

0.22 

1000 

13.2 

5-7 

0.07 






Tablt II Sfftet of eobalt oa total ud Ibeaad* in tko njreolia ai a 
finotlon of gmth pfriM In |« cfim 

r#^ tiaa iaolttdod to glto It.pO x-lO^ mia/nlai/l@ •! taaal mdiia. 
ft# «xp|irlAO&tal dftails art glton in t«xt 


Porlod loiwal 

grofiith Total Fe^ Total Fo^ Boond 
hr ooantt/nis/ toonta/nln/ ooonta/idii/ 
iqrotliia 100 ng 100 lOg 

2 dry irt. tout. 

*10* * 10* *10* 


eohalt to 3 tio 


Total Ft^^ Total Ft^ Soimd Fa^ 
ooHAta/aln/ eonnta/niii/ oonata/ilii/ 
iqroollnx 100 H 100 ag 

dry at. dry at. 

2 X102 « ia2 


X 10 


xlO" 


2t 

50 

502 


lOd 

4364 

355 

30 

70 

334 

82 

105 

1710 

119 

m 

108 

301 

n 

100 

669 

56 

54 

115 

253 

73 

101 

583 

49 

72 

113 

239 

72 

103 

420 

45 


bar tb» drgaslsMu r««ttXts iirss«rat«d ia TalX# H iikUaatv tbat eobaXb 

dowt im% InbliadLt Iron uptako but 4mliano«« SjMitMid tbo r«to of Ineorporatlim. 
wbwi tho organisa is giwn In prssoncMt of toxle 3nv«3s of oolHiXt and optima}. 
IsTols of Iron* nio Fo^ Ineorpomled i^ior eobalt«>toxl« i^rooUom Is doolilo 
tbo eonrospondlns Tmlno for tbo normal maroollna at md of ^ br of growth 
This iadioatos that eobalt par so mabmmma tho xato of fo^ laeorporatlm 
Into tho iiqrcellun in addltloa to lt» growth InhltdLtozT’ offoets, whloh Is 
also a oontjfLinatorjr faotor to tho Inoiwasod lr<m oonoantration* wlwm tho 
roaoXts ara ooprMNied on a unit oqroallal wi^ght basis* lowmn** bound 
atMWS a slgnlflAMit dseroass at tho mA of tho growth porlod (72 hr) in 
oobalt toms njrcolla as soffi|>arsd to tho ]«»rmal ayoella indloatljig that tho 
oobalt*lron aatagonlsa la IntraooUular in naturo in this organism* In 
ordor to dstoot tho prisurar sito of induoed iron dofieiausOF* the offoots 
of oobalt on growth* oatalaso aotivitjr* lron*bindlng ooaqponnd produetion* 
bound 7o^^ and hams F«^ in tho wFoslia haws bow dotoralnod as a fanotion 
of ths growth poriod* Froa tho rosults proaontod in Tablos 11 and III* ' 
it la owidont f^t at 2it hr of growth, in prosonoo of oobalt* oatalaso 
aetivitF* bound F*59 

and hano *.» walnos aro somparablo to that of tho 
normal sQreolia* Tho lron*bindlng senq^ound ean bo dotootod in ths oultars 
fluid ovon at this psriod mr growth undsr oobalt toxiQ oonditions. Tho 
subsoqiumt dsoroaso in bound Fo^^ and homo F«59 thus Indiehtos an offoot 
of oobalt at tho lowsl of iron utilisation for tho sjnthosis of koy 
motaboUtss* 

Tho fall in homo Fo^ walnos ean bo duo to two factors namely 
an offoot of oobalt on tho synthesis of the pw^^jyrin moiety and a possible 
eompotition botwoen oobalt and iron at tho 3Lswol of inoorporation into 
tho poridiyrln imolous. The former aspoot has boon onwainaRi by growing 



the oz^anisn undw cobalt toxle eoadlt4.(Mis in i»x<«senoe of 
Tk 0 rooulta |>r08«}tod in Tablo IV indioato that at tbe and of 72 hr growth 
eobalt does not inhibit total gl^reina •2-.C^ Incorporation into tho ayoolia 
bat Inhlli^ta ineorpezNation into tho hone fi^stlmi. 

Tho offoot of cobalt on iron ineorporatl^ into protoporphyrin 
haa bo«a stadied in ooli-d’roo oxtraets, larltor (Chaptw II> it haa boon 
foand that JEVo oaa aot aa a good soareo of irm for oraaaa and is 
Inoorporatod at a nach faateo' rato into the ayoallun aa ee^piir«i to 
imri^nio iron or a siaple ohiOata Uka forrio oltrmta. Farthor, tha 
ineorporation of the latter ia marlcedly imtmmed ihon tha iron»blnding 
fraoti(m prepared fron IFe is added, Honee» it haa betni of intorost to 
study the offeot of the iron*bindin£ fraction im iron ineorporation into 
protoporphyrin and tho of foot of oebalt on it* in oolX-froo oxtraots. Tho 
results presented in Table V bring out oertaln elgnifleant facta. In the 
presence of the iron->binding fraction* ineorporation into protoporphyrin 

ia significantly enhanced as conparad to when aims is nsod. Tho 

results proscMtted in table VI indioate that intact XFe^ (isolated from 
oobaltwtoxio or iron deficient eultare fluid) can act as a better iron 
source than Fo^^SO^ onphaalsing tho superiority of this type of organic iron 
oror Fe^^SOj^# as an iron source for hone synthesis in csll-free extracts. 

It is interesting to note that when the organic Iron is used as tha iron 
souroe* the non-ensymie incorporation into protoporphyrin is quite high 
and is of tho sarae order as that of ansymlo incorporation of inorganic 
iron. Cobalt inhibita (Table V) iron incorporation into protoporphyrin mrwa 
in proswAec of tho irwft-binding fraction when presmat in di^inito excess 
of iron. Howerer, wh«BX cobalt is used in anounts oqulTalent to aj«i in 
place of iron* its incorporation is less than 10|6 that of iron. 
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IkUa m. of eobalt on GatalasOt Zxm-bliidlag Conpoiii»l produeilon 

59 

•Bi Smut ♦ f• in tbe n^olia as a fsnotioa of groHth psriod 
iftl* tarafit 

ms laslM^ to givs 6,89 % TM eomts/slii/lO al basal 
mdim* Ibs^ aspsvlMntel isUils art gima ia tsxt. 


Farlsd 



br 


•smal 

Cabaiass ''' "]!n^ '' 'Baas Ps^ 

Bf O.OIK Jbiadiag «pi/i9 ag 

dvjr at iXafiL^ fo^poaod bsaia/ 

protHji/ 0 * 0 « at 100 ag 

5 ala tirjr at 


Oebalt»taals 

' 'cataiass Irm-' ' i^s ''fs 3I* 
ag O.OUf Madding <qpa/l0 ag 

ixf at Bia!L/ag soapoond bsaln/ 

p^tMo/ 0*0. at 100 ag 

5 ala bbO dry at 


2b 

d.2 

7.2 

• 

2S5 

3.2 

S,5 

Q.ob 

311 

bO 

37.0 

39.2 

- 

351 

19.0 

l0»b 

0.12 

283 

72 

bo.2 

32,3 

0^03 

b23 

25,2 

U,0 

0,22 

255 
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KXwt ojf 'eobALt on imkOTpojpsftjLon JLitto 

ibo aaroiOlta tioaw froetjUm of J|, ermooo^ 

WM iiMlodod to gliro X«33 * X®^ ®o«a1»/i»in/l0 nX 
bosaX MdXttit oontaining k& gljroino, naroolla woro prooosaod aftor 

fZ hr* growth. 

1^0 oaqporiaMiitaX ttotalXs «r« gliroa in toaet. 



TotaX lnoo;]^ratl(Hi 
eounta/adn/ 

Xneorporatiim Into k«n« 

Troatm<»it 

fmetlon. oonato/nin/ 


g. drar wolght 

X 10^ 

XO ng tUMln/ g drjr wt. 

Monwl 

2.50 

Xh3 

Ck>baIt->toxLo 

3.55 

97 
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T«bl« T. ®f «cAwXt on Fo^ Ineoriwratlon into fki^toporidatyrla 

%M r## W!:fewt<i4« of 0ys#M 

tb» imnibatlMi oixtniro in 2 nl eontalnodi Iron 2b ajuelM; 

•obnlt (Co^caia) • 3© apnolMt Frotc^i^yrin • 3© npinolaot Tp 1» (pH ?.©) « 

ISO p a ol— I AaoovM.o *«id •• bo p a«»iaa} "Sasymiet *• 0.5 nl eontadnlng 6 ng: 
proi«lA/nX. fb« iitm bjUtdlng ffnotion |»M|»nrod tr&m Mm wan added in 
0.1 ml uid in sligjti onoees e^aivnlMibs eX the iron i»rosent in the inenbation 
■ixtnre. f*59 «nd qo^O iiMilnded to giTO l.b2 x 10^ eonnts/nln* 

ejqparlnmtaX dotnlln «r« gUrma in toxt. 

SndioaetivltF In henia 
Motal •otimo eonnts/nin/l© mg benin 


Fe^^a©!^ 


51s 

Fe^SD^ 


50 

Vi 

•». 30 njamoXeo Oo 

b 35 

Fe^ao^ 

i- So ppnoleo Co 

b 32 


* 150 apuiolee Co 

313 

Fe 59 so^ 

♦ Zron»binding fraction 

1521 

Fe^H 

♦ Zron»bindlng fimiotion* 

^0 

Fe^^SOb 

4 - Iron-binding fraction + 



30 s^taoles Co 

1310 

Fe^ 3 % 

♦ Xron-binding fraction + SO ipusoles Co 

1251 

Fe^SOj^ 

■*■ Iron-binding fraction ■*■ 150 is^molec CSo 

773 

Co^djj 


b 5 


• aon**«ui7nio incorporation (ensyne denatured or omitted) 
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7abl« ¥1. Iron Inoorperatlon froa XF*^ and F«^3% Into protoiiorphjnrln 
in eoll«7r«o wxtraoto of Monroapora oraaaa 

fbm low sjpeolflo aotlrlty of tdo laolatad XFo^ necessitated the 
nse of high levels of mahetratss* The incohatlon mixture in 5 itl eemtainedi 
Iron (re^a% or IFe^) * 0«5 F^nolet Protoporj^iFria •> 0*6 ^u^let !nrle (j^ 7*®) 
360 fi nolesi Aseorblc sold « 30 pinolesj ffissirme ^ Z mt coatalniag 6 mg protein/ 
ml. The radloamtlTltj Ineluded gave 3*71 X eounts/aln* 

mie w^perlmental details are glirwi la text* 


Iron source 

Badloaetlvltp' In faenln 
eounts/aln/lO ng faealn 

Fe^aO^ 

900 

Fe^30|^* 

98 

XFe^ 

1756 

XFe^* 

797 


non-'enssmlo Incorporation (ensyae denatured or omitted) 
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BISOISSlOll 

^orMslfig e<Ni«mit>ratloii8 of eobalt jpooult ia laoroasod prodaotloii 
of th® IrtMa-bindiiti and a ooxrospcmdiag fall ia oatalas® aoUvlty 

(fabl® !)• Aa id®n|.loaX fdoiar® das l»®aa obtainod vtum thoir® is a 
dsoroas® ia id® iroa ^nsesotratioa of th® a«dim fpon fed® opiiaal l«v«l 
(Qiaptor ll). fbia is olsarXy iadisativ® of a eoiulit.loa®d iron doflei«s«]r 
brought about by a<^»alt« Hiis aoniitioaod iroa d^ioisaey is not brought 
about br m ii^bitioa of inm aptalc® by th« d^® to oobalt. lastoad. 

th® offoot of aobalt is to aec®l®rate th® inm aptak® and deplot® th® asdiaa 
of iron at aa oarly stag® of groMth. Wamnr«r» ^®r® is a slgaifioaat 
d««r®a8® ia bound la prsuwm® of oobslt at 72 hr of grooth (tablo H) 
Indiaatiag that wtbaXt iatorfaros with th® utilisation of iron for th® 
fomatiim of koy aotabolits®. linilar results har® b»tta obtaia®d by 
Tor<dfagims Baari (9)« idio haa found in th® yeast Candidf auillienpoadii that 
•obalt sohancss iron uptake 1;^ th® organiaa but there ia a daeraas® in the 
triidiloroacetle preelpitabl® iron and th® inm Ineorporsted into the 
partioulat® and supernatant fraotions of the yeast undsr '^es® oonditicms. 

1%® nstabolio potenoy of 2F® as an iron donor to j|. orassa and 
th. rapid inoorporatidh or IF.» a. to P.»-oltr.t. or Fo^Cl, Into 

the nycella bars boon taken to mcplaln the aurriral ralue of the phanoaeaon 
of iron-binding oonpound asoretlon under conditions of straight iron 
d^ioisney or eobalt toxicity. Further, It has been found that g. cj^asa 
elaborates organic iron chelates very sinilar to XFe under nomal 

t.4 ftnit ufaen gTOua With optimal lorels of Iron and the possibility 
has bsan enrlsagsd that Ibis type of Iron chelate nay play a key role In 
iron transport In Idils organism (Chapter 11} • In this context, it is 
significant that ttie primary erent of induced iron deficiency appears to be 



ih« amrutloa of ths eooi^Kmnd «ren boforo eatalaso aetlvity* 

betmd Fo^ aiul h«m Fo^^ sboir a docroasa* Sothstoiai aad Baj^ (10) havo 

oonelttdad from uca^rlmmita oarrlad oat In yoast, that tho cation binding 

I'j 

aitaa ara ondoubted^ looatad at tha parifdiary ©f tba eall, TKiu#, tha 
raj^d daplatioD of ima from tha madlim in oobalt toidelty can leara tha 
©all aarfaoa in ocaataet with Wia Irena doplatad madiaa* 'Hio nnairailabllitF 
of Iron for tha formation «C tha natural iron aholato results in tha soaration 
of tha irtw^ blndin g aoa^ioand prior to affoatiag tha other ironMlapondant 
systaas. SiadULar rMulta hawa boon obtained lAon the organism is grown 
ttad«r flnmditiona of straii^t iron daflaiaiMiy (Cbaptar II)» 'Rm noohaniam 
of the saarotion of tha ir^i»biadi||g aos^ound in larga amounta in iron 
dafiaiwwy is not alaar aad aemo of tha posaibilitlaa hare bean diseusaad 
Tof Kailanda (11}» It ma^ bo noted that at 2b hr of growth in pras«iea of 
cobalt t ^i^n iron dafieiaoay may be eonsidorod to hare Just sat in* the 
growth ot the orpmism is significantly inhibited (Table III). %ia 
may represmt a direot toxla effect of eobalt not InTolrlng a ocmdltioned 
iron defiei«aay« 

The intraeellnlar cobalt-iron antagonism Is erident at the 
lerel of heme ayathesls. Here* the effects of cobalt are two fold. It 
inhibits the sFnthasls of the porirtiyrin i«>t#ty and also the iron incorpora¬ 
tion into protoporphyrin in cell—free wetracts. Cobalt has been found to 
inhibit incorporation of radioaetiro glyoine into heme by preparations 
of rabbit bone marrow (12). 

The metabolic potency of XFe5> as a better iron sotiroo than 
tor heme syn^xesis in cell-free extracts (Table FI) emphasises 
the possibility that this type of organic iron formed in the cell under 
normal conditions can act as an iron donor for hems synthssis Jjn 3^23,* 
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Ih« fact that th« irca-hisKliiig fxactlon, which has poor Madlng afflaity for 
Fs'^'*’ eaa snhanos Irma (FsS%} lasorporatlcm into pret<^xpli 3 rrin (fahlo Y) 
lands soi^port to ths snggsstlm that ths Fs*'*'* ones eoordinated as the 
trllqrdraxanate ean be transportsd to or into ths cell mud donated to ths 
iron ansynss which awjr Imnolirs a onaMtlsstrcm rsdaetlon* It is also held 
that ths roduetten and rslsass of Iron fraai ths hTdr^nnts ean hs nest 
prc^itabls onlir whMi thsss prsssssss <^psrats at ths sits «f Inesrporation 
into tkm Iron-noiitainiQC ansysss and {an^^lMrisie srenps (iS)* the 
possiMllty has bssa snrlsacsd that at least in isi«rooitpuil«as» ths 
sidsraniimi nay play an ln^portaiit i»irt in ths Wiiignsatis inoerporatimi of 
iron into porphyrins (14). Cobalt inhibits Ir&a liworporstion into 
protoporphyrin svsn in prssMoes of ths ir(Mai>biBdinc fxnetioa, iditStt prsssnt 
in dsfinits sacesss of iron (Tabls F). This IndioatM that (a) snbsoqu^t 
to ths d<^>lsti(si of iron in ths nsdlnn, a hl^ intraosUnalr oonosntratlon 
of cobalt has to be Imilt up to result in dsorsased iron ineorporstim 
and h«as synthesis and (b) eobalt nay not only rmdsr iron unarlalsblo 
for tho fomation of ths natural organic iron ohslato but also interforo $ 
with ths irem utilisation fron tho eholato fornod tuidsr eondltions of 
nomal iron supply. 

Another intorosting foaturo of ths results prssmitsd in Tabls T 

is the poor incorporation of Co^ into ppotOporphyrin sr<m though it 

inhibits iron incorporation. Labbs and Hbbbard (7) 1»to shown that tho 

rat liver irwi^protoporphyrin ohslatlng snsyns ean utiliso both iron and 

oobalt for tho jrsspsctivo hone fomation with equal facility. But the 

behaviour of oobalt in erassa is similar to that of nangansse in ths 

rat liver systsn, which though inhibits Iron incorporation into protopo*phyrin 

doos not Itsolf get inoorporatod to an appreciable extwat* The ehslatlng 

60 

snayss from ^lolcen orythrocytei has boen shown to utilise Co to the 
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mxtmat ctf wOjr 2$ of %bm ijiooTporatad ( 15 ), alttioogfe amd 

JoBoa (lA) Bttritxittt tbl« to tb« ulso of otlijrl aoototo for th® oxtraotlcMO 
of Wi# atofcaUoperpbyrliis wi i» tibleh oobolto^ltorpiiiyrin bu boon f ooad 
to bo i^ortiBgly ooloblo. 

Attog^pto to loolato Oo^ bona froa tbo oebalWtoxlo oyooUo 
H* ty'**^** bavo Bot booB oooooaofol. tbio oaut bo mttarlbutod to «b 
iBbibltod boao ojoil^Mols oad to tbo foi^ i»o©*poraW.OTi of Co^ iate 
proteporiibTrlB ovoa oobalt labiblts Irect inoerporatloai and fioAlljr to 

a dUatioB Mt tbo labol aa a roanlt of i^o osgooso oobalt aaod to prodoeo 
toxioltjr. 

SaaiAHY 

1. XaoroaaiBg ocmewitratlima of oobalt roaalt in iaoreasiitg prcniaotlgm 
of tbo irtm^lndlng oos^poond (1) and a oorroapondlng fall in eatalaao 
aetlTity In oraaaa 

2. Cobalt Moaloratos iron uptako by tbo orvanisa and doplotos tbo 
aodlua of Iron at an oarly atago of groiftb. 

3. Tbo produotlon of tbo lron->binding ooaixnmd (X) proeodoa tbo fall 

In oatalaoo aotivlty, bound and boao f«59 yalaoa undor oobalt toxlo 

eondltlona. 

b. XTo^ aota as bottor iron aoureo as ooaparod to Fo^^SOij, for b«to 
synthoais in ooll^roe oxtraota of eraasa, 

5, Cobalt inblbita synthesis of the porphyrin eoiaty. It also inhibits 
iron ineorporatlon into protoporjrtiyrtn sigpalCto^otly, wbon present in 
doflnito oxo«s of iron. Cobalt Itsolf does not get incorporated into 
protoporphyrin to an appreoiablo wctmt. 
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MTmXtm OM COmAUr AMD HZOKSU TOXXCHTXKS XN MMEROyiNai^ G«A»aA 



IM 

aifmOM OK COBAX^ AMD MIQXSS, TOXLCTSXSSt XH KBOlQSPCHtA 


■urllsr »tttdl«s by Adlga, Stimraiiiaajuitry, TtnkatftsubraiiaBTmx 
*ad Sunaa (1) on toxteltiwi oansod bgr tbs mtals OobaXt. nielcol 

and ainfl in |ffayg^?,XMa oUar and aabaaiiaaitfe atadlas by tk» sano amtbors 

^ byaaaa (2)» Oftggjfjfa .it< B>ba .1.^ ^^^ea b % (3) and gamlnabing 

aaadllnca ©f laiiatna (4) bay© revealad a aoi 4 >lax affaai on 

grcofbb and nababeXljrai, OanoyalXy, iron and nagnaninn bay© bam foond to 
oountaraat groatb inblbltian dan to tbo tmde natalo. Bowovar, ^o 
natara and nagnltodo at tba <l^mng«nanta indaoad ara dapandant m Idia typa 
ot tba baayy natal and tba natwra of tha opganlm la cmaatloii. 

In MaargXXhxa nlgar ablla a nnifonily high laval of iron la 
raquirad to eountaxaot growtb inhibition dna to tha thraa haayy natals, 
tba nagnasiun eonoantraticm required for tha aana diffara narkadly with 
tha particular haavy natal aaq^loyed* Further* iron aan rararsa ii^pairdd 
glucoaa utilisation only in cobalt toxicity but not in nickel and sine 
toxioities (1). Studies by Haaly, Ohang and McBlroy (5) and Slvaranaaastry 
at ^ (2) in laurospora eraaaa as wall as tha subsequent detection of an 
Inxwbinding ooapound in the culture fluid of the same organism under 

conditions of cobalt toxicity or straight iron daflolenoy (Chapter I) 

0 

Clearly amihasise a direct cobalt-lron antagonism in this organism, 
Praauaai^ tha effects of niokal and sine are indinaet so far as iron 
natabolisBi is oonoemed sines iron is able to ecnmtaract tha growth 
inhibition due to all the three haavy metal toxieitias In Mauroapora crassa 
aa wall. Further* it has bean found that nagnasium counteracts growth 
inhibition due to tha haavy natals hy interfering with tha uptake of tha 
toxio natal, where aa iron exarts a banafleial affect without 
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the n«t; aemiwalatioa of tho toxio awtal issld* thm *yooli»* ( 2,6). 
thoso studios ii^Oar not imly « dlffsrsnes in tbs sodss of eoantsraoti^ 
by Iron and nagnssltia but also tdiat tbs bsayy awtals thsaisslres nay diffsr 
In sitss ffif toxLe as^on, !n»us, tbs toxio iwtals may bs affsotlng 

ksgr mstabelio proosssss and tbs Isssls of vital mstaboUtss in 
ways, tbsmiil loading to an inblbltloa of ovorall growth to ■Was saw oxtwt • 

at this <^pt«r, tho posults obtainod on too infaoiwie of eobalt 
and nltool w (1) too nyoolial inrotoia status (il) too aetlvltlos of a 
fsw d^cradativo onaymes ami Cm) too wtabollsm of warbohydrato intoiw 
modiatos, in J[* jyassa aro prosontod. 

SIPSRIM EMTAL 


Materials . 

Co (carrier.«fyoo) was porohasod frcwa too Sadioebomioal Centre. 
Aaershan. C.K. Cltrie aoid (Morek), Sttoolnio aoid (BDK). Itoutlie acid 
and maarie aoid <»BC) and l>yruitio aoid (sodium salt, Sigaa) wore pure 
coaaoreiaX proparations. p-glyoorol-i:toospbato (sodium salt)ims of 
analytioal grade. Crystalline hemoglobin was purehssed from nutritional 
Biooheaiioal Corporation. 

Organiwa and oulture oonditions 

yourosDora orassa Sa 5297 a (wild) was used in these studies. 

The culture and growth oonditions have bean deserlbed in Chapter I. 

Iffeot of eobalt and niokel ma. growth and orotelBi eoptent. 

Cobalt and niokel were inoluded at 800 pg and 500 pg pmr 10 ml 
baeal aedinm reepeotlvely to produce arovmd $0^ growth inhibition at the 
end of 72 hr growth in stationary oulture. toe nyo^ila were removed at 
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dirjr«r«nt Istarmls of ti»o« woshod and tho wolgdto roeordod aftor drying 
In an oyan at 60®, oyomLi^t, tho agRiolla noro th«» proooasod to estioato 
tho 7CA prooipltablo protain aa dasorlbad in tba foUowlng sootlon. 

Bff aet of oobalt and nlokal ^ ineorporation into protoin in 

orafomod nyoalia. 

tba inflttaneo of the toueio natala on protoin oynthosla was stadiod 
in prrfomod normal ayaalia, ]|» eraoaa waa gspown for fer la ml banal 
madiua* flia 40 hr old noiml myeolinn* in tha middle of tho log phana 
growth# waa wudiad and raixtoabatad in 5 nl of fro^ nadinm in 5^ ml flaaka 
osmtainlng difforant lovaln of tha tmO-o motal, Ifea oojqioaition of thin 
rnodiim wan tha same an daaoribad in ohaptar I oaroapt that HjO was 

raplaosd br and an amoant of salphnr aqalyalant to $0 pg was 

proTlded as Ka^O^. Eadioaotiwa anlphur was providod as earrior-fros 

fho flasks wore shakoa in a rooiprooal shaker and tha nyealia 
wara raim>yad at diffarant intervals of tine. Ibe i^alla waro washed 
to froe of adhering radioactivity and after recording the freoh welf^ts, 
wore prooossed to dotereina tho total and protein snlf^nr incorporation, 

Saeh mfcoliua ^aa ground with 4 nl of water and an aliquot of 
tho fine suspension was planehetod on to stainless steel planohets to 
aessurs total suphur incorpoiratlon,- The rest of the staple was precipitated 
with cold TCA to give a final eoncontration of 10^ and ematrifugod, Tho 
precipitate was washed thrice with cold 10^ TCA and the aupomatants wore 
pooled, llie cold TCA jweeipitate was than washed twice with alcoholi ether 
Otl), treating the precipitate eaoh tine with 4 ml of the reagent for 
10 nin, at 90°. This was followed by two troatmonts with hot 10^ TCA, 
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uslag k nl •a.eht tjuaa. tba pr<toi.pltst« tr&s flnalljr «aah«d wltii ethor 
to reiM»T« th« TCA and aospandad in 4 ilI af imt«r» A fina snapanaion 
waa nada tbaraaf tar and aliqaota vara nsad to aaaanra radioaativltT’ and 
protain aantant* 

l^a paalad aald 10^ t0A aapamatant iwa treated «itb athar to 
rmmowm the fCA« After addiiic oarriar imlphata, alAqaiota were treated «ritb 
Ba^ to ranoTa aalpfciata and tlia in?aeipltatad Saf^^Sj^ was waabad twlae and 
eoantad* The in tba aapamatant after infacdkpitation was 

taken to r^raaant the radiaaetlvitj' in tba free ealjm aeid pool. 

Aadioaatiritar aeasuremeats ware aarriad oat wttb a daigar-ltellar 
and window eoimter attaebad to a deoada aaalar (type 151A* Baelaar ^liaafo 
Corporation, Baa Plaipaa# niinoia# Iha error daa to eoant rata 

waa wltbin ♦ Appro^ata salf-abaorptlwi, baakgroand and decay 

eorraotiona ware applied, 

protain owatant waa moasored bgr tba aathod of lowry Jjl (7)• 


Acid and alkaline phoapbataaea 

Tha affects of oobalt and nickel on tboee onsgma lavala ware 
studied tqr growing tb® organism with dlffomnt Lovola of the toxic aotal 
for 72 hr and than assaying for the activlUas of these anayaas In tha 

toxic oyoalla. 

Bj© anayaa extract was prepared by grinding the fresh m 3 raml±& 
with kt*” pcBffdar and ms buffer (pK 7^» «) »atng a pestle and 

. Bia extract was aantrifngad at 3000 x g for 15 ^ha 


■ortar. 



pr«olpltat« ms m^od ones «rltli lihe buffer* Thm superaatants were 
peeled and used as tbs sssjpbs source* All tbe epmatlons were carried 

Bis eu^pMS were assayed ascordlBg to the aethod of £io md 

m»»Siit*ol (8,9) Idle have porlflad the sold aad alkaline phosphatases 

f wwt the earn strain ef J|* ereasa used in the presmt stady, Aeid 

phmphstase ms assayed at Its ept^nut pB of J*8* Ihe lueuhatlon adjcture 

ta a total voluns of 1«5 el eoutainedi sodlm fl<»g2yeerol fdiosphate 5*^) 

- jW f solsst asstats hwffsr (pH 3*8) « 100 p nolsst ensyue - 0,5 al. . 

1^ uisturs ms insuhatsd at 30*^ for 20 sda and ths roasts^ was arrsstsd 

with 0*5 el of j(0j( ?CA« fhe denatured protein was erntrlfag^ out and 

ths liberated inorganle phosihoras see estlseted In 'Uie supernatant. The 

ensyue aetlvity Is ss^rssssd us fig P Ubsrstsd/ug protsia/^ aln* /^LKa(.iTie 
phosp^<^•fcSSe W45 assayed a.+ S-^. 'tn preSCftce a£ Suo fJt-ynoLes of t^gso^- - 

To the TCA supernatant containing 0.1 *> 1*0 psslc of phos^honis 
In 1.0 al* 1.0 el of 3V sulpimrle add was added foUcwred by 1 nl of 2.5^ 
amonlue molybdate. After mixing, 0.1 nl of the reducing reagent was 
added, (The reduelng reagmt was prsparsd In powdered fom and dissolved 
before use. 0.2 g of l-aalno-2-naphthaloh sulfmlc acid was mixed with 
1,2 g of sodlora bisulphite and 1.2 g of sodium sul|hlte. Before use, 

0,25 g ms dissolved in 10,0 ml of water), Bie voluue was made upto 10 ml 
and after mtartriE the absorbance was measured in a Klett-^^wiaerson eolorlnetsr 
with the filter So, 66. 

Proteinase 

Bie msyae extract prepared as indicated earlier ms used to 
assay protelnass activity using hs w i oglo bln as substrats. It was found 
that when the enxym solution was incubated at the optiaBu# of h,2 (fig Bf) 
at 37®, prselpltatlon snsued but ths activity was found to resids in ths 
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saparoataat^ So« »ttp«»satanfc obtaiB«d afiMM? eantrlfugizig tho erods 
•Jcfcraot Ineabatad at ^ 4^«2 at 37° for 10 aln was us^ as tl» <nutpae 
soarea. 1,0 «1 of this magnss praparatloo was Inouhatad with 0.5 «1 of 

1$ h«a©^loMa and 1.0 al af oltrata.^o8phat« haffsr 4.2) for 30 ala 

0 

at 37 • *ha raaetioa was stoppsd with 0,5 *1 of ^ fOk and eantrlfai^. 
All<|w 0 ta of tha an^mataat woro asad for tha aatlaatlcwi of tgnBaslna by 
tha aathod of lawxy (7), Ibis aathod has boon daseribod in datall 

in C^wptar JX^f lha mmyrnm aetlwlty is aiprassad as lOg tyroalaa/nig protatn/ 


-af JOPabsA oarola intamadlataip on eebalt and nlctatl toxleltlos 

lbs affaet sf Er^'s Qysla Intemedlatos on grswth l^lMtlmi 
dua to tha hMwy isMtals was stadlad by inolodlng than aloh^ with tha 
toxlo natal and assassins tha nysallal dxy waight wfc tha and of fZ hr 
growth. ‘Riesa Intarnadlataa ware inelndad at larals at whleh thalr 
eanntaraetlng affaota wars naxloal. Oltratat pyrwvata* a<»lEotoglntarata« 
saoeinata and nalata wars addad at a laral of 200 ng/lO nl basal nadlun. 
Fomarate was Inelmdad at 70 ng/10 nl. sima hlghar emioontratlons ootzld 
not ha triad dne to Its ralatlva insolubility. The organlo aalda wars 
Inelnddd as aqaa<»t8 solutions (pH 4.8) along with tha toxic natal (800 fig 
eobalt or 500 jug nlekal) in tha nedlua, Pyrurata and a-ketoglitarata 
ware starlllaad In tha cold by passing througb a stariliaad Salts flltar 
flttad with an asbestos pad, autoclaved previously, and addad asoaptically 
to tho root of th® median irtiieh was separately autoclaved at 15 Ibs/sq in, 
stoaa prassura for 10 alnutas. 

|w«r>wat!^ratlon of oobalt and nickel into the 

Tha affoot of tha carbohydrate intaraadiatos on tha uptake of 
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th« a»tala eotelt and nlekal «Mrs also atadlcKi In tha abora aai|}axlmanta. 

Garnap.fraa Co^dg mu inaladad aleng with ^0 pg eobalt and tha orgaale 
acid in 10 nl of tha banal madlxm and at tha and of fZ hr growtb, tha 
idjFoalia wara waabad trum of adheirlng radloaetlvltjr and Utan dirlad In an 
ovon at 60® oraralght. Aftar ra^ordii^E tha dry iwkghta. tha aaroalia 
w«ra dlgaatad vlth add and tha add dlgasts irara naad to niMiaapa radio- 
aotldtj in a seintiUatl^ datactor attaehad to a dacado aoalar (typa 151 A« 
Itooloar Chleaip> Corpora%lon» Illinois. 8.3.A.}. IVon tho anooat of 

radioastlvitj raaorsrad in tho nycoUoni. tha anaant’ of cobalt inoorporatad 
Inta tha ■oresllan «as aalealatadU^ 

la aaf^ariaanta om thu nptaka of ddeal. ^ha nyealial aeld 
dlgMta vara naad for the dtadaal aatlnadM of delml using dinathyl 
glyojciaiat dtrata balng addad to arold Intcarfaranes dna to Iron CH)> 
tba aycalla wara aabjaetad to a wat-aahlng rpoeadnra nsinK HNO^tRCiPi^ (lOtl) 
dxtura. Iho rasldtio was taken In a known woluna of 13 HCl. A 3*2 al 
aUqttOt was traatad In a test tuba with 0.2 ml of saturatad brodnawwatar 
and tha oxidation allowed to proceed for 5 dnutas. 1.0 nl of 10^ aqueous 
solution of sodlun oitrata was rapidly added, Itamadiatsly followsd 1^ 

Q.k- al of liquor awtaonia (sp gr. 0.8). and the eontwits ware shaken 
vigorously for 2 mlmtas. 2.0 nl of etlqrl alcohol (955^) w«s added 

followed by 0,2 al of IjtCw/r) diaethyl glyoxlne reagent In 951^ athanol. 

The contents of the tube were shaken well and the red color developed was 

m 

■easured against sm appropriate blank in a Klett—Sonaerson eolorinotor 
filter »o. b9. 

The effect of Aron and aagneslum on the uptake of cobalt and 
algal ware also studied In stationary growth culture erperlwonts by 
prooaduras described above. Iron or nagnaali** was Included at 2000 pg^lO al 
Ifrai m i, eiang with tho raspeetlia toxic aotal, 800 pg cobalt or 50® p# 
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alolral* fh« ww« ir«aoY«d at differaat intarvals of frowtli period 

and Ids# eobalt and nlaleel Otmtenta irer# iMStlanted toy ■sttoods already 
deserltoed. 

ISisS^ 

W*. I and H indlaate (^gMngM la dry indLi^t and aycellal protela eoaaentratlcm 
II* ggMaa aa a ftawtioa of the growtti period* wh«s tlia ergtralea la groan 
andor eobalt and al<diiel toada oondltloita* It eaa toe sam tbat the prtnary 
effaet of addlGel la a delay in the laltli^ini of oyoellal groirih* ohleli 
atarta only 36 hr after Ineenlatlon. fhepeafter sdLekel tone nyoeUa 
grew at a rapid rate and^the end of fZ hr, tooth eobalt and nlokol toxle 
ayeella reaeh the aaae weights (Tig, I), Strlklni^ enon#i, the protein 
eonoentratloB of tho nlokol tosdo nyoelioa la algolfleantly hl^er aa 
ofM^pared to tho norml or eotoalt-toxio nyeeUa throoidi out tho porlod if 
notleeable grooth (fig, IX), 

Tho net protein atatua of the sqroollBa la detarained toy several 
factors aa the effaot of the heavy netaXs on oyoellal protein ayntheala, 
m>n>protein naterial ayntheala aa wsU aa the effects on their degradation, 

A study of tb® influinee of the toade oetala on 3^^ inoorporation into 
preforaed log ihaae nomal nycella indloatea that neither oetal has any 
effect on aulphur inoorporation into the ayoellal protein at ooncentratlons 
ean induce 50 ?^ growth inhlM-tlon (400 jtig eobalt and 250 pg nlokel 
per 5 ol nedim) in stationary culture at tho end of 72 hours, l&st 
oartain dlfferenees In the action of the heavy netala are dlaoematole at 
high concentrations. CObalt which has no effect on total auli*tar 
incorporation into the niyoella tenda to inhibit the percent of tho total 
ineorporated into the protein with a €>orr®spondlng inewKsae In that Ineorporatad 
into the free aalno aeld pool. Fig. IH indloatea tho effect of 80© ]ig 
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mbaXt/S ail im tlis apaolfie acttviliy of the aiyooliAl protoln m a 

fonetlim of t*« inoabati^ tia* KLoteaX tonda to InM-blt total aulidnur 
inoorporatlon into tho ayooXia* but tbo p«ro«tt of tbo total ineoxporatod 
Into tb« protein eboee an inoreane witb an inereasa in •Wia oonoantratlon of 
baaay natal (fable I). 

Sotwaatlng reaulta baTa bam obtained on tba affaets of eobalt and 
niolcel on tba larala of aeld aM albaliaa n^umi^tasaa and protaiaasa, Mia 
pzatainaaa oaajaa froa eraaafa bas bean fotnni to baira a pH eptiann of b,Z 
with baaoflobla an aabatinita (fig, I?), Fig, FI ij^U^aataa that tba protirimaa 
and tba i^apbatasaa aboir a atrUdiig inaraaaa afeioa tbe organlan la groan with 
ixMraaaing lavals of oobalt, Beniavar* ineraaalng Xavala of niolMl do not 
ai^roaiably affoet t^a magm aetlvitiaa, Biffarant aoneantrations of 
oobalt and niobal naltbnr aotlyate nor inhibit tbase mmgme aetirltlea rltro 
an la avidwat froa tba raaults praaoatad in fi^ala XZ« 

Signlfloant dlffaraaoas oan alao be obaervad in tbe raaponsea of 
tbe two heavy aetal toxloltlea to tbe TGi ^rola intemodiates. Citrate 
and aalate have bomi foiuod to annul growth inhibition due to oobalt as well 
as nlobal toxicltlaa. Pyruvats and a-katoglutarate are affaotiva in niekal 
toxielty but not In tba ease of cobalt. Fuaarate and auecinata do not have 
a banefloial influanca in either case and tbe presence of auecinate along 
with the heavy natal results in added inhibition of growth. Citrate and 
malate Inhibit the incorporation of the heavy netals into the aycalia. The 
keto acids strikingly enhance «ia uptake of oobalt. They do not have any 
offset on tbe uptake of nickel. Sucoinata and funarata aino have an enhanoing 
affect on oobalt incorporation into tho ssycalia, fhes# results are auBunarised 


in Table III 



Tabl« 1, Sff«ot of Ineroasing eoaottEitnitloa* of oob&lt and nlekoX on 

•ulpbor ineorporatlon into profomod nonnal aireolla of eraaaa 

35 

Garrlor^ffoo Xa^ Oj^ waa Inelndod along wltb 5® f»g nul^ilMir la 
5.0 al immbatlag awdlna, Inenbation period* 6 hr* The reenlta mrm 
ojqpreoeed In tincws of jig aalpknr liioorpoii«led» 


Metal 

Total anlitor 
Ineorpovated 
(pf S/lOO ag 
freah at) 

Peremat attlpimr of total 
iiMofporated Into 

(|if/3 al) 

jStalphate 

AidB# nulda 

ProtolB 

lone (Coatrol) 

6 « 2 

4.1 

30,5 

39.7 

Cobalt (hOQ) 

6.4 

4.0 

32.0 

37.7 

Cobalt (800) 

6.1 

3.4 

35.0 

33.2 

Cobalt (1200) 

6.5 

3.3 

39.3 

29.1 

Cobalt (1600) 

6.2 

3.0 

43.7 

24.6 

Xickel ( 250) 

6.2 

4+0 

29.9 

41.0 

Xtckel ( 500 ) 

5.5 

4.2 

27.5 

43,2 

Miokel ( 750 ) 

4.9 

4.1 

25.7 

46.9 

Itckel (1000) 

4.2 

4,0 

24,0 

49.0 
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Tal»l« K, teCmct of ooboXt oad alokol on japotoiiuuio, aeld and alkaline 

l^ospbataeee 

llie matyam eoEfeawaot txvm 7Z tm* old imxsal ■jroelia irare prelnoalwied 
wi'bh the aetal for 10 ndn wod assa^jred for aotlvlty,. 

Mmi ei^riaeittal detaila are firm in text. 


natal 

Pretelnaae 
me tyrosine/ 
«f protsdn 

laid jj^osphatase 
ftf pbosidionui/mg 
prot4^ 

20 

Alkaline phesphatas 
uf nhosi^ieras/af 

protein 

MB ^%-fl 

Bme 

2l2«l 

30#t 

hl,^ 

CeCl2. 6 

1 X 10*^ 

S02.1 

32,4 

t5.2 

1 X 10*^ 

222.1 

28,t 

t0,3 

1 X 10“^M 

21t.2 

29,2 

42.3 

IISO.. 6 MjP 

1 X 10-^ 

218ifl 

29.6 

45.6 

1 X 10“^ 

220,1 

3i».l 

42.6 

1 X 10“^ 

209.2 

30,7 

41.5 



TittolM XIX* of OfV’Xo Intinnisdiatos ^ oobalt and alekol 


%o3Cleltl«a in £• oraaaa, 



9 iiypi^l«BMmta to tbo basal nodltni 

Hyooiial 
dry mt 
(»«) 

Motal uptake 
pg/lOO mg 
' dxy i^reollwm 

Ifoao (Control) 


% 3 .® 


1^0 oobalt 



33.1 

9C0 fME oobalt 

* 200 mg eltvato 

to*o 

7.0 

8fl0 ^ oobalt 

4 - 200 mg i^rrumto 


124.0 

800 )ig oobalt 

♦ 200 mg o»*kotoglatarato 

25 .ar' 

69*4 

300 jas oobalt 

* 200 mg snoolnato 

5*0 

48.1 

800 )ag oobalt 

0 70 mg fnmarato 

23*1 

44.1 

800 jag oobalt 

•$' 200 mg malato 

43,6 

19 . 

5(K} jag Wlekol 


2^.2 

12,1 

500 ne nlokol 

200 mg eltrato 

44.2 

2.1 

500 ]ag nlokol 

♦ 200 ng pyruvate 

39.2 

13.1 

500 p.g nlokol 

♦ 200 mg o-kotoglutarato 

40,1 

14.2 

500 jag nlokol 

4 200 mg sueolnato 

10.2 

12.6 

500 )»g nlokol 

4 70 mg fumarato 

20.1 

11.9 

500 pg nickol 

4 200 mg malato 

48.0 

5.9 

200 ng ottrato 

46.4 

- 

200 ng pyruTat# 

42.0 

40 

200 mg a-kotoglutarata 

43.6 

o» 

200 mg 

43.0 

• 

70 mg funarats 

45.0 

40 



48.6 

40 

200 mg malato 





F-i. '/ 

Prot.t-lnase ac+.ivity of M. eraspa as a func-*'±on of ir^aba^iOTj 
periods — . — 



FIG, VI 

EFFECT OF CORALT ANJ) NICKEL ON PfiOTEINASE, ACID AND 
P'lOSPHATASKS OF MiJ 
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Bi« •ffaois of Imi and napioainn on tho n|itak« of cobalt and 
alckol by tko afCoUa crown 3n prwtmoo of tk® toade and oountoraeting 
natals aw do^ctod in fig ?li* it can b# >o«a iyiat botk Irtm and 
nagnwlun »t|>|»rcM iacorporaUim of tk« t«lo wtals at Sk hr of growto. 
l^roaftor* nagnmlwi natntaiiia its iniaibitory iaflnwaco on toxic nctal 
njptakOs tout that duo to ir<m i« roloacodU At tli# and of 72 kr gremikt it 
ai^oars as if iron kas laroi^t abmt a roveraal of gnortk iakibition witkoat 
affoetinc the aat ae<mnnlati<m of tk« tozie natal inaido tko nycolinn, aa 
kaa baaa obaarrM aarliar by Siwaranasaatry <|| (2) 

Puc^aaioM 

^aaa inrostigations ravaal eartain diffarmeas in tka altw of 
texie action of closely relatod elMtmts lik« cobalt and niekol at 
oone«itrations leading to an inklbiti^ of ororall growth to the mmmm axt«it. 

A prlnary affect of nickel aeens to be a dklay in the initiation of nyceUal 
growth (fig* Z). Xickel toxic syeelia contain significantly higher 
conewttrationa of protein as ooapared to tke normal or cobalt^toxie nyoolla 
(fig* IZ)* In preformed normal log iriiase nyoalia neither cobalt iu>r 
nickel show a speolflo inhibition of protein synthesis at oonowatratlons i 
idiioh ean indues SOjt growth inhibition in stationary cultnw growfib ei^erimffiits. 
However* at high concentrations cobalt does hare an inhibitory effect 
on protein synthesis at the level of atsino acid incorporation into protein, 
whereas nickel fails to reveal such an effect (Table 1 and fig IH). 

The striking increase in the levels of proteinase, aold and 
alkaline phosphatases with increase in the cobalt concentration of the 
growth medium is not observed when the organism is grown with corresponding 
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Imrels ot Blek«l. Kao and mxnrntliol (8,9) bxoo foimd tli« phosiAiatasM 

SI* ^ non»»p»el£ie, aetlni; on afclMts^ 20 {^oir^orjrlAt^ed 

conpoanda. Bemovmv, it is h«ld that faetsrs ot^er than «*• yitro 
spsolfleity of an magma nay ba <^aratlira jy| TiTo and that tha maid 
j^osphatasaa nay play a kay irola in tha w^alation of tha iaaals of kay 
phoajdimeiuiaatars partieipating in a itida yayiaty of Moohmieai raaotlon 
ayoiss. fhna, tha eataholio rotm of thaaa yital iniavaadiatas as wall 
as tha eell protains nay ba oonaidarably ai^iaiiaad at e<imemtyaM.ons of 
oobalt ladoeing 50 )f gyowth InhibitiaQ* 

Both eobaXt and niakal intarfara -with tha natabelisn of TCA oyela 
intariMMiiates* bat at diffairant sitas, Thaaa rasolts ana present ad in 
Table HI* Tha failora of koto aoids to eonntaraot groirth izdilM.tion 
dae to eobalt is oonsistant with tha observation of XBngla (12) in 

rnt liTea nitoeh<»idria that eobalt inhibits kata aeid oxidation probably 

forming a oonplax with the dithiol fora of lipoid aeid, a eomsyna for 
koto sold dmydroganatlon. Tha anhanoad uptake of oobalt in prasanoa of 
those intaraediates in orassa has also bean observed in rat liver 
aitochondria. However, idLgar a oitrle aeid aoeamolatlng strain, has 
bean found to respond differently to tha koto aelds in eobalt toxiolty, 
where the former can oountaract tha grow^ inhibiWn due to eobalt (13)» 

^ 1- oy»»«» the beneficial offaets of eitrata and malata oan ba attributed 
at least in part to their inhibition of the toxio metal uptake. Tha 
eoonteracting affects of pyruvate and o»kotoglatarate in niekel toxioity 
not acooz^nied by an inhibition of the toxio metal ineorporation indioate 
a probable irdilbitory affect of niekel at tha level of formation of those 
ketosoids. Hoaly, (hong and MoSlroy (5) have found that both cobalt and 
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niek^ tlw l«v»is ©f anurelnls dtrtjdrogvnaso in J|, oraaaa whlidi 

e«a fto<}ottai tw ih« failnp® o£ added snneiaa'te to eonntoraot growth 
inhlbltiflHa doo to thaso hoaTjr notalo in this orgsniJMa 

All ^(Ms ebsorvmtioiis sonplsd with the d«ii»»tra'^on that 
only sebalt toadeitjr eornMponds to a straii^t iroas dafleifliiey in H. orassa 
ealls for a gaaoval aoohaaiaa for eountoraeting offsets of irem and 
nagnosim in not only in oohalt bat aloe in niokol toxieity. Fig 
indioatoo that both inni and nagnositm sappross ^o tosle notal uptake 
upto 24 hr of growth« but aubooquwntly the iidnibitorar effeet of iron is 
:releaaed and nagnosion maintains its supfurmsing inflnenoe* ftese obsormitloiis 
load support to the suggestion (2) that ircm txunsports the toxie natal 
to nonwtoxie sites. 'Rie toxio netal that aoesumlatM after 24 hr of growth 
in preswBoo of eeantoraoting lorela of iron nay ho at innoeuous sites 
without impairing the formation and fonotlon of metabolites. Thus, iron 
may mt only satisfy the dofioimey status oreated. as for example in the 
case of oobalt. but may also hare a more gwnerallsed node of counteraction 
as discussed above, whiidi san aeoount for its bensfleial effeet not only 
in oobalt toxloity but also in those of idekel and alno. 


1, Toxio levels of nickel delay the initiation of myoellal growth. Hickel 
toxio sjycelta contain signlfioantly higher concentrations of protein as ccwipared 
to thoae of eobalt»toxio or nomal ones. 

2. loithor oobalt nor nickel shows a specific inhibition of protein synthesis 
in preformed log phase normal isyoolia, at coneentrations which can induce 

5036 growtti iiAlbitlon in growth oxporl*«»ta. At hi^ ooneentwtions an 



w 

Inhibltorsr ot oobali o» protain ssratbesls Is svldmt at itis IsvsX 

of aiBlao sold Ineerperatlon into protein. 

3« The aysella g^rawn with Inoreasing lerels of eobalt possess erahaaoed 
IsweXs of protelaaset sold and alhaline ii^osjdiatasos. Oerrespondlns 
IsTsls of Blekel do net Inflnenoe those enhjsse aotlvltles. 

Gltrate and nalate eountcNraet growth li^Udltlain dne to eobalt and 
metol* Pjmtvnts and o^kstoglatarate are bsnefl^LaX la the ease of alekel 
bat iwt la the ease of eobalt* Ihteeiaate end faaarate are aot bwoefielal 
la either ease. 

5» Citrate and aalate li^blt tcwle astal uptake bjr the orgaalae. PTravmte 
aad o/oketogltttarate strikingly eohanes eobalt laeorporatloa bat have ao 
lafluenoe oa alekel uptake. Sueoiaate and faaarate enhanoe eobalt uptake 
to a emaller extent. 

6. Iron and aagnesloa suppress toxic motal uptako la stationary eulturo 
growth experiaonts till 2h hr of growth. Subssqusntly the Inhibitory 
offset of iron Is reloased but that due to aagaesiua Is aalatalnod throui^oat 
the growth period. 
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CNKBwrai l 

1. The pr*«0at iBvostli^tlon faaa bwua prlsarlljr <iir«ot#«l to g«<w an 

^ aoma of Iroa sotobollMi in ^ ^ stvidjdBf 

tlio eola«lt«i4roo aataceoiim in tbls orpaal w iu k ooi^painatiTO otacljr im tho 
ooliolt and nkmkaX toslcsltioa has also bMa oarrliid oat In this aold, 

2. A now lnon»himiiiic ooi^KmiKi (I) has ha«a isolatod tmm 

fluid whm Up dJWMitsii^ is ggwm vnd&r sobalt-tt®*!® oc^diticass. An inon- 
h dadtng eonpouad is also swerotsd idtsn ttko orgaaisn is crown tanlor 
ei»ditioiis of straight iron dafiolaa^, Prolininary stadimi indioato that 
tho two iron^hinding oon^poands najr bo id«»tioal. 

y, Bogradatir* studios haro boon carried out on the iron»bdndiiig ooaqwund 
isolatod as tho iron-ofw^lox (XFo)* Yhoao studies indioato that ZPo 
eimtains ^ •lt«4grdroae;f ornithine and p««othyl glntaoonie acid or a olosoljr 
rdatod eonpound. The quantitativs estlnatien of the degradation produets 
Indioates that XFo oan he distinguished front the other nenbers of -Uie 
sideroohrcme class of ecmpounds thou^ it is elossly related to then. 

4. Hie paroduotion of tho iron-binding conpound is doteiwinod bar ths 

iron status of ths growth aodlun. Bocrssing lerels of iron result in 

Inersasing production of tho iaron-binding oempound and a corrospondlng 

fall in oatalaso activity. In iron dofloloney, tho production of the 

iron-bindinc oosqtound precedes the fall in oatalaso activity, when these 

parameters are assessed as a function of the growth period. XFe acts as 

a good iron source for tho organism to naintaln normal growthoatalaso 

59 

activity and a few man—hene iron onajme activities. TSta is incorporated 
at a faster rate as otwpared to Fo^Clj or Fo citrate, into the iron- 
dofiolont fi. i^rasaa n^rcoliam. 
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5* ZBerttasing Isvtls of oobolt in tho nodlini rosnlt la 
pi^KiuetloB of tbo inM»»liiiidiBg eoaqjoand and a eorrospoadiag fall la eatalasa 
aotrlvlijr* Cobalt dooa not ln^ld-t Irtm imtoirporatioa into tbo iqroollan 
f FOB tho aodi.aa» It aoeoloFatoa tbo iztni aptalco of tbo orgaalaai » inid 
doflotoo tba aodina of iipon at aa oarly atago of graiitb. T^o naaifostatloa 
of aa iBtFaooUalar oobalt-iroa aatagcmlaa la ovldoat by tbo doeroaaodi boaiid 
iiWt b«»o iaom aad eatalasa laeola trbaa tb«r« is a ^dld ai» of eobalt 
e<wooBtrati£m at the ^^potiUon aitoa. loao also, th# jiriiuufy saalfMtatlcai 
of i«m dsfieloaey la tho soorotlaa of the lxoaM>hiadiss • Tho 

latraeoUular oobalt*lF^ aatagoalsa is ovldUMit at ■too lavol of homo syathmla. 
Cobalt iahlldta the synthoils of the ;ipor|>h 7 Fia aolety aad^soH-ftroo oxtsaats 
inhibits irm Ineosporatloit lato protoposplqrala idi«i prosoat la dsflaito 
oxoma of Iren. Xfo^ aeta aa a bi^tor Irom somreo for hoao synthosla in 
eoU-f roo oxtraeta aa o«3mi>arod to f o^SOj^ 

6. It la held that a eholate olosoly aisilar to Xfo la formed In tho 

eoll whmi tho organism is grovn mder normal oonditlons wil^ optimal levels 

of iron. The ir(»i*binding compound la aeoreted into the medium iriien iron 

la unavailable for tho formation of tho natural ehelate, Tho rapid 

59 

Inoorporation of XFo*^ Into tho ayooliun and ita superiority over inorganio 
Irtm aa an Xron source for heme sTntheals in eell-free extracts, the detection 
of tho iroti-blndiiig oompound in the culture fluid In iron deflelenoy 
(straight or Inducod by oobalt) before tho other Iron^ependent systaais are 
affected and the other findings have all been taken to oonoludo that the 
formation of the .natural ehelate representa a very early i^se In Iron 
transport in this organism and has an important role to play as an iron 
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4mmr for k«ar irtm <iop«^«nt sjatono. 

7« A Offl^q^rativo ■’bodjr on otrtM&lt and alotcol iu>xloi.'t>i.a8 Ia J[» 
bas xovoalod that tho p]rlaiar3r offoet of alokol la a dola^p- in tho 
of ojrsolial growth* Iffitokol toxio nyoolia <^ttaia slgnlf ioantljr hi^or 
ooBOwitratioiia of protoin as ooaparod to tbo oobalt—tocslo or noxwal 
oyoOlia* Inoroasing oonswstratlons of oobalt in tho prawth modirat r<Hialt 
in w ah an e o d lovols of dogradatlro mispnos liko a |»rotoinaao and aeid and 
a l iml tn o phosj^tasos la tbo iqfoo3J.on. Sioroasing oiwwontratlona of aieki^ 
do rot havo suoh an offoot. Soto aoids lileo pjrorato and a-kotoglntarato 
oan ooantoraet nlek^ toadoitp’ hot not oobalt toxloity. It la hold that 
nlokol najr nanlfost Ito toxle offoot at tho lovol of koto aold fomatlon 
and sotmlt na^ aet at tho slto of koto a^d oxidation* Iron oonntoraots 
both oolMl.t and nlokol toxloltlos and It Is l»dloatad that Iron nay bring 
ont a transposition of tho hoary motal frroi tho toxic to tho nonotoxic 
sitoo in addition to satlafylng tho dofloionof atatas created as for 
in oobalt toxlolty* 
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The Effect of Seme Organic Acids on Metal 
Toxicities in Aspergillus niger^ 

It has been recently demonstrated that in 
Co, Ni, and Zn toxicities in Aspergillus ni- 
ger, the growth inhibition was accompanied 
by impaired carbohydrate metabolism as 
reflected by decreased capacity to utilize 
glucose and produce acid (1). Hence, it ap¬ 
peared likely that under conditions of metal 
toxicities, the metabolism of several organic 
acid intermediates of carbohydrate break¬ 
down was affected. This communication 
deals with experiments designed to investi¬ 
gate this possibility. 

The strain of ..4. niger, the basal medium, 
and the culture conditions employed was 
identical with those of the earlier study (1). 
The mold was grown for 5 days at 30 
1°C. on 10 ml. basal medium (pH 2.5-3.0) 
in 100 ml. pyrex conical flasks. Toxicities 
were induced by the inclusion of either 400 
fjLg. Ni, 1000 fjLg. Zn, or 1200 /xg. Co per 10 
ml. of medium. Pyruvate was added asep- 
tically to the autoclaved medium after sep¬ 
arate sterilization by “Seitz’^ filtration. The 
other organic acids were included as aque¬ 
ous solutions (pH 2.5-3.0) along with met¬ 
als. At the end of the experiment, the my- 
celia were washed thoroughly, dried, and 
wdghod. Total acid elaborated into the cul¬ 
ture medium was estimated as d(‘scril)ed 
l)i‘eviously (1). In medal iijdake studies, 
14.89 X KT (jounts/min. of fcarric^r- 

frtHd or 9.2 X 10*^ (‘ounts/min. of Zn*'"'’ (100 
mc./g.) w(‘rc‘ inelu(lt‘(l suitably with tlie re- 
sp(?ctivc medals. Zn and Co uj)tako wt.u'c de¬ 
termined on the basis of mycelial radio- 
a(divity (2) and Ni by the colorinudrie 
(3stiinatioii by the dimcdliylglyoxinu' prexa^- 
dure (3j. The results obtained arc^ shown in 
Table T. 

T\\i' lev(ds of 11 h‘ organic acids nu'iitioned 
ar(^ thos(‘ giving maximum r{‘\u‘rsals in tlu^ 
})aram('t(M’S t('sted, witli tlu^ (‘X(‘(‘ption of 
fuinarat(‘, the higluo* haohs of whieli could 
not !)(' im‘lu(l('(i diu‘ to its comparat i\'(‘ly low 
s()lul)ility. It, can Ix' sinm that gi'iK'rally, 
th(‘S(‘ oi'ganic adds annual grow'th inhibition 

‘dills work vv;is condurt od witli the fiiiniK’lal as- 
sislaii<‘c from I lie (toiUH'II of Mciont illc and IndoH- 
trial Hosoat'rh, Mav Oollti, In<lia. 


TABLE I 


Influence of Some ()r(;ani(’ Acids on 

Me TAB (JL ISM AND MeTAL UpTAKE IN 
AIetal ''Poxicities jn A, niger 


Supplements to 10 ml. basal medium 

Mycelial 

wt. 

('mg. dry) 

Acid'^ 

formed 

Metal 

uptake 

ing. 
metal/ 
100 mg. 
dry^ my¬ 
celium) 

None (control) 

182.0 

20.2 


Cobalt (1200 /xg.) 

70 

2.0 

125.1 

Cobalt (1200/ig.) -h citrate 
(200 mg.) 

98 

13.1 

129.5 

Cobalt (1200 /xg.) + sncci" 
nate (200 mg.) 

39 

12.5 

126.3 

Cohalt (1200 Mg.) + fuma- 
rate (70 mg.) 

108 

1.8 

129.2 

Col)alt (1200 jug.) + malate 
(200 rng.j 

155 

11.4 

126.0 

Cobalt (1200 jug-) + i)yru- 
vate (200 mg.) 

185 

30.1 

12.9 

Zinc (1000 jug.; 

72 

2.2 

105.2 

Zinc (1000 jug.) + citrate 
(200 mg.) 

133 

15.0 

i 

191 .4 

Zinc (1000jug.) -p succinate 
(200 mg.) 

130 

10.5 

107.0 

Zinc (loot) jug.) d- fuinarato 
(70 nig.) 

147 

7.4 

151.9 

Zinc (lOOO jug.) + malate 
(200 mg.) 

204 

10.7 

()().2 

Zinc flOOOjug.) T i)yruva1(‘ 
(200 mg.) 

183 

28.0 

17.4 

Nickel (400 jug.) 

71 

2.2 

43.0 

Nick<‘l (400 ;ug.) + cdtrat<j 
(200 mg.) 

121 

13.8 

32.5 

Nick(‘l (400 jug.) T Sliced- 
Dat(‘ (200 ing.) 

130 

11.1 

30.0 

Nick(d {400 jug.) T I'uma- 
rat(‘ (70 mg.) 

174 

7.0 

42.5 

Nicdv(d (400/ig.) + mala1(" 
(200 mg.) 

180 

12.0 

11.4 

Ni(*k(d (400 jug.) + p.vim- 
vnt(‘ (200 mg .) 

230 

20). 0 

3.9 

i 

"Total aedd; ICiiiivaah'nts (ml 

.) of 

(1.0.5 ,V 


Na()H jxa 12.0 ml ali(}iio1s cult ura* nuMlium. 

\'(‘ry appr(xda})l\' in iixdal toxiciti(‘S and 
that iiialatc and pN'ruwitc ari* tin' most (‘f- 
f(‘(di\a‘ in this i‘(‘spe(d. ( d) toxicity is excep¬ 
tional in tliat cit?-atc is Ixaudicial ord\' to a 
small (^x{(‘iit and siiccinati* brings about an 
add(‘d inhibition, hdirtlx'r, tin* amounts of 
total acid producial ari* als{) (UihaiH'cd sig¬ 
nificant!}'. ddiat tlics(‘ r(‘Sf)ons(‘s ar(‘ du(^ to 
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int('ra(*ti()ii at the metabolic level i.s indi- 
cati‘d by tla* magnitude of the changes ob- 
ser\'(‘(l and the fact that under these condi¬ 
tions, genc'rally, tlierc was no significant 
doi)r(‘ssion in the mycelial accumulation of 
the toxic metals. Hovcev’'er, there is a very 
considcu’able suppression of toxic metal up¬ 
take with i)yruvate in all toxicities studied 
and with malate in case of zinc toxicity. 
This is rather unusual, but the possibility of 
extracellular complex formation is pre¬ 
cluded by the high acidity of the basal me- 
diunp, which increases further as a conse¬ 
quence of acid accumulation. Moreover, 
when each of these acids was included 
singly in absence of toxic metals, at the 
levels tested, they did not cause any metal 
defjcicuicy hy complex formation. 

In A. 7iiger, under conditions where the 
conversion of sugar is partial, as in the 
pr(‘sent study, the formation of citrate in¬ 
volves a recycling of C 4 -dicarboxylic acids 
(4) and supplementary mechanisms apart 
from those involved in a 100% conversion 
(5, 6) must be operative. Hence, the tricar¬ 
boxylic acid cycle would not be completely 
hloc*ki‘d and [in adequate supply of inter- 
nicdiatt\s would be necessary for normal 
nictabolism. On this l)asis, the results pre- 
sent(‘d suggest that dei’angemcnts in 

metal toxi cities in A. iiiger involve princi- 
])ally the metahi^lism of tlie intermediates 
of carbohydrate (h^gi'adation. Tlie primary 
l(‘si(>iis ar(‘ pi'ohahly at tli(‘ lc*vel of forma¬ 
tion of pNonuaitc' and malate*. Tt is note¬ 
worthy, in this cont(‘xt tliat in Ncvrospoi'a 
(7), metal toxi(dtic‘s have })(‘en shown 


to depress succinic and isocitric dehydro¬ 
genase levels. The ineffectiveness of succi¬ 
nate in Co toxicity may be attributed to 
specific Co-Fe antagonism reported in A. 
niger, which differentiates it from Zn and 
Ni toxicitics (1, 2) and may be at the level 
of succinic dehydrogenase. However, some 
features such as the general suppression of 
metal uptake induced by added pyruvate 
and the similar effect of malate in Zn tox¬ 
icity ar-e not easily explained and aw^ait 
further study. 
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A Sensitive Microbiological Assay Procedure for 
determining Magnesium in Biological Materials 

By K. SIVARAMA SASTRY,* G. PADMANABAN, P. R. ADIGA and P. S. SARMA 

{Department of Biochemistry, Indian Institute of Science, Bangalore 12, India) 


A simple microbiological assay procedure for determining magnesium 
in the range 1 to 8 /xg has been developed, in which Neurospora crass a 
Em 5297a is used as the test organism. For the range 1 to 4 of magnesium, 
an indirect assay procedure based on the determination of the mycelial 
content of the “phenol reagent ~ positive material’' has also been evolved, 
the dry weight of mycelia being directly used as an index of response for 
higher levels of magnesium. The method has been found to be applicable 
to various biological tissues, the recoveries being about 95 to 105 per cent. 


Attempts to develop microbiological methods for determining metals have so far been 
mainly unsuccessful. Manganese has been assayed with Lactobacillus arabinosus 17-5 in 
biological materials/ and Aspergillus niger has been used for determining several metals, 
includinGC magnesium.^ However, the A. mger procedure for determining magnesium requires 
a sample containing at least 50 peg of metal at a concentration of 1 //g per ml of culture 
medium, Macleod and SnelP studied the magnesium requirements of several Lactobacilli 
with a view to using them for the assay of magnesium, but found that, even with pre-treatment 
of a magnesium deficient medium with Lactobacilli, it was not possible to reduce growth 
in an unsupplemented medium. During earlier work with the mould Neurospora orassa^ it 
was found that the wild strain of this mould, Em 5297a, had a low requirement for rnag- 
nesium, and growth was totally absent if pure salts were used to constitute the medium 
and magnesium was omitted. Advantage was taken of this observation, and a sensitive 
microbiological assay procedure is described here, in which this mould is used as the test 
organism. 

Method 

ArPARATl^S— 

T\\v. mould was grown in Pyrex-glass test-tubes (150 mm X 15 mm) on a reciprocal 
shaker (stroke 10*8 cm; 84 cycles per minute) in a constant-temperature chamber kept at 
80' i- l^C; the test-tubes were kept inside the chamber in a test-tube rack mounted so 
that "tile tubes were tilted, lips upwards, so as to spread the medium over a length of about 
7 to 8 cm. After inoculation, the organism was grown with continuous shaking during the 

entire growtli period. _ . i 

P^T^^x glassware was used throughout; it was cleaned with chromic - sulphuric acid, 
and tlicn rinsed with distilled water, and, finally, with water distilled in an all-glass apparatus. 


Rkacexts— 


Adds -Analvtical-reagent grade acids were used; the concentrated nitric acid was 

fni'ther purified b\' fli.stillation before use. -o t, i 

ludin and Ciocaltcn’s phenol Prepared as recommended by Lowry, Rosebrougli, 

I^'arr and Ranclall.'*' 

.•\SSA\' MltDinM AND fiRDW'TM 7'ECHNIQUE- 


'I'Ik* eulturi* medium used in all assays was based on that used in earlier work^ with the 
differcnrr that magnesium sulphate was replaced by sodium sulphate to provide an equivalent 
amount of suliihnr. The percentage composition was; glucose, 2; potassium dihydrogen 
orthophosphate, 0-3; ammonium nitrate, 02; ammonium tartrate, 0-1; sodium sulphate, 
0-h2r>' sodium chloride, O-Ol; calcium chloride, O-Ol. 


Drc.sciit afldress: I >f‘]>artint‘nt (T Biochc*niistry, 
SmiLltlf, W'ushiTilton, r.S.A. 


University of Washington, School of Mt'dicine, 
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The trace elements supplied (in per 100 ml) were: zinc, 20; manganese, 20; copper, 8; 
iron, 2; molybdenum, 2. Biotin (0-5 fjug per 100 ml) was added, and one drop of Tween 80 
per 100 ml of medium was also added to inhibit sporulation.^ 

For assay purposes, the organism was grown on the above medium (adjusted to pH 4*8 
to 5*0) for 72 hours at 30° ± 1° C with shaking as described above. A 2*0-ml portion of 
double-strength medium and 2-0 ml of sample in aqueous solution adjusted to the pH of 
the medium were taken in each assay tube. 

Stock culture and inoculum— 

Neurospora crassa Em 5297a was used as the assay organism. It was maintained bv 
transfer biweekly on agar slants of the above medium supplemented with 0*2 per cent, each 
of yeast and malt extracts and containing 2 per cent, of agar. For inoculation, spore from 
a 7-day-old culture was used, one drop of a suspension of spore having a transmission of 
approximately 90 per cent, in sterile water distilled in an all-glass apparatus being used 
in each tube. 

Assessment of growth reponse— 

At the end of the growth period, the mycelia were carefully removed, washed, and 
dried at 60° C overnight; the assay was then completed by determining the mycelial weight. 

In assaying magnesium in the range 1 to 4 ^g, the mycelia were carefully removed, 
rinsed on a filter-paper with water distilled in an all-glass apparatus, and transferred to Pyrex- 
glass test-tubes (100 mm x 10 mm). A 0*5-ml portion of 5 N sodium hydroxide was added 
to the contents of each tube, and the tubes were heated on a boiling-water bath for 30 minutes; 
they were then cooled, and the contents were adjusted to 5 ml with distilled water. Portions 
(0-5 ml) were removed, after centrifugation if necessary, for determining the *‘phenol reagent - 
positive materiaF* according to the method of Lowry ei aLp a Klett-Summerson photo¬ 
electric colorimeter and a No. 66 red filter being used. 

Preparation of sample— 

The biological sample was wet-ashed in a 50-ml Pyrex-glass conical flask with 10 ml 
of concentrated nitric acid and 1*0 ml of 66 per cent, perchloric acid (Merck G.R.) per gram 
of the sample on a sand-bath. After complete evaporation, the digest was treated wdth 
5 ml of concentrated hydrochloric acid, and once again evaporated to dr^mess. To the 
residue dissolved in 5-0 ml of distilled water was added 0*1 ml of a 50 per cent, w/v solution 
of ammonium chloride, and then 0*05 ml of ammonia solution, sp.gr. 0*88, was added to make 
the solution alkaline. A 0*l-ml portion of a 0*5 per cent, solution of ferrous sulphate was 
added and hydrogen sulphide was bubbled through the solution for 15 to 20 minutes. After 
the solution had been set aside for 2 hours, the precipitated ferrous sulphide, together with 
sulphides of other heavy metals, if any, was removed by filtration through a fluted Whatman 
No. 42 iilter-paper, and washed with 15 to 20 ml of distilled water. The filtrate and the 
washings were combined, and evaporated to dryness on a sand-bath, 1*0 ml of concentrated 
nitric acid being added during the later stages of the evaporation. The residue was dissolved 
in a known \T)lume of distilled water, and adjusted to pH 4*8 to 5*0. Portions of this solution 
were used for tlu' assay. 

Results 

R.VNGE of ASSAY"^ 

Under tlie conditicms of growth obtaining in the proposed procedure, when analytical- 
grade reagents are used and normal precautions are taken to eliminate magnesium as a 
contaminant, growth is negligible on the basal medium constituted without magnesium. 
The microbiological response curve obtained is shown in Fig. 1. 

It will be seen that the useful range of assay is from I to 8 ^ag of magnesium. The 
mycelial weights liave been found to be highly reproducible, variation between duplicates 
never exceeding 0*2 mg over the entire range. 

¥or samples containing 1 to 4 of magnesium, the indirect method of estimating 
growth based on “phenol reagent - positive material^ has been developed to ensure higher 
acciirac\^ withcmt involving elaborate manipulation. If the mycelia are pressed gently to 
dryness' before suspension in sodium hydroxide, the alkali digest can be directly adjusted 
to"volume by adding 4-5 ml of water, and portions can be removed for assay. Under the 
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conditions proposed, we have found the extraction of ''phenol reagent - positive materiah' 
is complete in one step. In the range 1 to 4 jug of magnesium, the "phenol reagent - positive 
materiar’ gives a linear standard graph. Preliminary experiments showed that over 70 per 
cent, of the "phenol reagent - positive material" is protein. For samples containing less 
than 1*0 jug of magnesium, the microbiological assay procedure is not recommended, even 
with the indirect method based on "phenol reagent - positive material" of the mycelium. 


Table I 

Applicability of the N. crassa assay procedure for determining magnesium 

IN biological tissues 



Portion taken 

Magnesium 

Total magnesium 

Magnesium 

Magnesium 

Sample 

for assay, 

found, 

content, /ug per g 

recovered, * 

recovered, 

ml 

Mg 

fresh weight 

Mg 

% 

Tecoma stans leaves 

0*2 

2*50 

625*0 

3*50 

100 


0-4 

4*95 

618*7 

5*90 

95 


0-5 

6*20 

620*0 

7*10 

90 

L. sativus seeds 

0-2 

3*00 

1500 

3*95 

95 


0*3 

4*35 

1450 

5*30 

95 


0-4 

5*90 

1475 

6*90 

100 

Rat kidney 

0-2 

2*25 

162-5 

3*20 

95 

0*4 

4*60 

166*1 

5-55 

95 


0-6 

6*70 

158-9 

7*80 

110 

N.at blood . . 

1-0 

1*20 

30-0t 

2*20 

100 


1-5 

1*80 

30-0t 

2*75 

95 


1-9 

2*45 

32*2t 

3*40 

95 

Rat spleen. . 

0*2 

1*65 

221*7 

2*70 

105 

0*4 

3*40 

228*5 

4*40 

100 


0-6 

5*00 

224*0 

6*00 

100 

Rat liver . . 

0*2 

2*10 

145-8 

3*15 

105 


0*4 

4*30 

149-3 

5*25 

95 


0*6 

7*00 

161-7 

7*95 

95 


* Amount recovered after 1 /Ag of magnesium had been added, 
t Expressed as per ml. 



1. M Lt'r()l)i()l<)gi('al assay curve for magnesium with .V. crassa 
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Applicability of the methoe> to biological tissues 

The applicability of the proposed method has been studied for several biological tissues. 
Recoveries have been tested by adding magnesium at the l*0-/xg level to three different 
portions of each biological tissue tested. The absolute values and the mean recoveries 
obtained are shown in Table I, and represent values derived from at least four independent 
analyses for each type of sample. It can be seen that the method is suitable for the type 
of samples investigated throughout the concentration range. 

Interference from other metals 

The effect of other metals on the assay of magnesium by the proposed procedure has 
been studied. The metals mentioned below do not interfere in the assay up to the levels 
indicated (/xg per tube) : sodium, 3000; potassium, 51,000; calcium, 2100; iron, lOOO; zinc, 10; 
cobalt, 10; nickel, 5. 

Discussion of the method 

The only useful microbiological method for determining magnesium so far has been that 
of Nicholas^ in which 'niger is used. However, it involves the use of carefully purified media 
and a sample having a magnesium content of at least 50 /xg. The considerably lower require¬ 
ment for magnesium of N. crassa and the fact that elaborate purification of the assay medium 
is unnecessary are distinct advantages in the proposed method. Further, by use of a simple 
procedure for the indirect determination of growth reponse, it is possible to work conveniently 
with good precision at levels as low as 1 /xg. The proposed procedure is also specific for 
magj.i*j::>ium, since calcium, sodium and potassium do not interfere, except at extremely high 
levels compared with the amount of magnesium present. Heavy metals, such as cobalt, 
nickel and zinc, which interfere with magnesium metabolism in the mould'^ and are often 
present in biological material in various amounts, were found to be completely eliminated 
the hydrogen sulphide treatment introduced during the preparation of the sample. Since 
uniformly good recoveries were obtained for all the sample sizes with the various types of 
biological materials, the proposed procedure can be adopted with advantage, particularly 
since the conventional complexometric titration of magnesium'^ involves a correction for 
the presence of calcium and is of limited usefulness below 10 yug of magnesium. 

The financial assistance of the Council of Scientific and Industrial Research, New Delhi, 
and The Rockefeller Foundation, New York, is gratefully acknowledged. 
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The insect larva Corcyra cephalonica St. has been 
found to respond to the toxic principles present in L. 
sativus seeds. A new ninhydrin-positive compound 
has been isolated from the seeds of L. sativus and some 
of the properties of the compound are reported. This 
compound is highly toxic to several microorganisms 
in minute amounts. 

consumption of Z. sativus seeds as the 
principal dietary constituent causes a neuro- 
pathological disease called ' lathyrism ' anaong the 
rural population in certain parts of Central India^. 
Difficulty has been experienced in producing patho¬ 
logical symptoms characteristic of lathyrism in 
laboratory animals^"^. Uncertainty exists regarding 
the exact nature of the causative factors for the 
disease, though high contents of Se® and Mn® as well 
as low contents of methionine^ and tryptophan® in 
the seeds have been suggested as possible etiological 
factors. The absence of alkaloids® and poisonous 
aminonitriles^*^'^^ in the seeds has also been reported. 
It is, therefore, .of interest to examine other chemical 
constituents of the seeds for their biological activity. 
As a first step, the effect of L. satiws seeds on the 
insect larva Corcyra cephalonica St., an organism with 
nutritional requirements resembling those of higher 
organisms’^^, has been investigated. In the present 
communication, the response of Corcyra to feeding of 
L. sativus seeds, and the isolation of a new ninhydrin- 
positive compound toxic to several microorganisms 
are reported. 

Incorporation of L. sativus seed meal at 30 per cent 
level in the basal wheat flour diet^® led to a marked 
growth inhibition to the extent of 60 per cent. A 
gross fractionation of the seed meal with different 
organic solvents was carried out to isolate the 
inhibitory factors. Ether and chloroform extracts 
failed to affect the growth of the organism while 
the seed residues still retained inhibitory properties. 
However, aqueous ethanol (75 per cent) extract 
proved deleterious to larval development, indicat¬ 
ing the extractability of the toxic principles by 
aqueous ethanol. The seed meal residue allowed 


normal growth of the insect at comparable dietary 
levels. 

In view of the reported presence of a pharmaco¬ 
logically active amine in L, sativus seeds^^, the alcohol 
extract was examined for the possible presence of 
unusual nitrogenous constituents such as rare amino 
acids. Paper chromatography on Whatman No. 1 
filter paper using ^-hutanol-pyridine-water-acetic 
acid (4: 1:1: 2; vol./vol.) revealed two prominent 
ninhydrifi-positive components (Rf values 0-09 and 
0*24) not corresponding to the usual amino acids found 
in proteins. The bulk isolation of these two consti¬ 
tuents was, therefore, attempted and the isolation 
of one of them is described below. The isolation 
and characterization of the other compound will be 
reported elsewhere. 

The seed meal (400 g.) was refluxed with 600 ml. 
of aqueous ethanol (75 per cent) for 90 min. and the 
extraction repeated thrice with fresh portions of the 
solvent. The pooled extract was filtered, concen¬ 
trated w vacuo (40-45°C.) to one-sixth the volume and 
shaken with an equal volume of chloroform to remove 
lipids and pigments. The aqueous layer {^H 5-6) 
was passed through a column of Dowex-50xS 
(200-400 mesh; resin volume 117 ml.) in the form. 
The break-through fluid containing starch and sugars 
was rejected and the column washed with 1 litre of 
distilled water. The effluent contained only the 
ninhydrin-positive component (Rf value 0*09) and 
the washing continued to secure its complete elution. 
The eluate was concentrated by freeze-drying ta 
one-fourth the volume in a ' Virtis ’ freeze mobile 
and the compound precipitated by ’ addition of 
acetone and purified by repeated acetone precipitation 
from aqueous solutions; yield 0-8 g. 

The acidic character of the isolated product was 
suspected by its behaviour on the Dowex-50 column 
and an aqueous solution (2 mg./ml.) had a plA of 2*5. 
The compound reduced the Folin-Ciacalteu reagenU® 
and could be quantitatively estimated by the method 
of Lowry et alJ^, the colour intensity per mg. being 
equivalent to that due to 0-04 pmole of tyrosine. 
When treated with ninhydrin according to Rosen^"^, 
the colour yield obtained per mg. was equivalent to 
that due to 5*35 pmoles of leucine. 

The homogeneity of the isolated compound was 
established by paper chromatography in 4 different 
solvent systems and the R^ values obtained are given 
in'Table 1. Further, when adsorbed on a column of 
Dowex-1 X 8 (200-400 mesh) in CHgClCOO" form and 
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TABLE 1 — Rf VALUES OF ACIDIC COMPOUND 


Solvent system 

Chromatographic 

technique 

Rf value 

fz-Butanol-acetic acid-water 
(4:1:1) 

Circular 

0-15 

Pyridine-water (80: 20) 

do 

0-45 

Phenol-water (80:20) 

Ascending 

0-14 

Aqueous ethanol (75%) 

Circular 

0-50 


eluted with O-IM CHaClCOONa, the elution pattern 
also showed a single symmetrical peak in conformity 
with the paper chromatographic data. 

On treatment with 6iV HCl or a saturated solution 
of Ba(OH )2 at 105°C. for 24 hr, the compound yielded 
another ninhydrin-positive substance (Rf value 0-28) 
on circular paper chromatograms with w-butanol- 
acetic acid-water (4:1:1) as the solvent. The latter, 
unlike the parent substance, could be adsorbed on 
Dowex-SO and .eluted with 2N HCl. When treated 
with periodate reagent^®, ammonia could be detected 
on spraying with Nessler’s reagent. It also fluo¬ 
resced under ultraviolet light on treatment with 
acetylacetone’'® unlike the original compound. These 
reactions indicate the presence of an amino and a 
hydroxyl group in juxtapositions in this product. 
On continuing the acid or alkali treatment for 72 hr 
two additional ninhydrin-positive bands (Rf values 
0‘38 and 0-46) were obtained on paper chromato¬ 
grams with the above solvent system. 

The isolated compound inhibited the growth of 
Neumpora crassa (wild, Em 5297a) by 50 per cent 
at a concentration of 4 |j,g./ml. and completely at 
8 (Ag./ml. of the basal medium when the mold was 
grown on the minimal medium^® for 72 hr at 30°±rC. 
with shaking. Preliminary data indicated that casein 
hydrolysate, at, 250 [xg.jml. level counteracted the 
toxicity to a marked extent. The growth of Sta¬ 
phylococcus 'aureus N-15, Escherichia coli N-52 and 
Candida albicans Z-247 was also inhibited (about 
50 per cent) by the compound at 7 pg./ml. and com¬ 
pletely at 15 (ig./ml. of the culture medium®'- when 
the organisms were grown for 24 hr. 


The data obtained rule out the possibility of this, 
compound being identical with those recently isolated 
and characterized as lathyrin and homoarginine from 
the seeds of several Lathyrus species'Lsa 
Rao, S. L. N., Ramachandran, L. K. & Adiga, P. R., 
unpublished data). Further work is in progress 
to characterize this compound and to study its effects, 
on other organisms. 

Thanks are due to Dr L. K. Ramachandran for 
helpful discussions and to Dr (Miss). B. N. Uma for- 
help in microbiological assays. The financial assis¬ 
tance of the Council of Scientific & Industrial Re¬ 
search, New Delhi and the Rockefeller Foundation, 
New York, is gratefully acknowledged. 
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KtV* ^wlWPi 'Wwi i ti i m » Q« ^xfiMimilMiiii sndl P*S* Sa^sa 
Fft* til* SapsftMnt aC liaaHmiji'fcxy,^ Itedfcaa of Selono*, 

BtmgaXarm, :ite<ii*. 
t w o l » B&4m4mWi> • jyfl* 

Vbo ioolAtllHl «f «. laurt* nuadMor odt i9»»*Madlng or IroNO^omitaiBlBg 

Uko forrloltroMO* rorrl^troMNrA* Torrloxanlaoo, earrogoos foetor* 
oad otlaoro (1«2) froo ivittroorgoBiaMi lioli 3o<t to ijoroiitigatiKmo roljitiag to 
tho troB^port ooedtaraisoo Imrolrod Is oieroblol irem ootaboliwa. Iteoontljr 
a now iron^Madlog eoapovnd was isolatod tram Koarospora eraooa (3)* lAo 
paroditetion of tfaoso ijran^biadlng ooa|>oint(l8 tindor ocmdltloas of iron dofleloisoy 
and tho aotabollo potoney of a ropresontatiro ooapoand liko forrIcdurtMao in 
controlling tho hamo synthesis in an organise like Arthrobaotar JO 9 (4 - 6) 
hare all been taken as avldeneea for the key role of those o(»q>ooBdts in ^e 
aetabolisa of iron in these raioroorganisms. Another slgnif leant faet is 
that several of the iron-binding aonqpoonds isolated under Irtm-defieient 
conditions shew a basic similarity to ferriehrome in possessing a hydroxanate 
structure at the iron-binding site and the ferric polyhyrlroxamate class 
of compounds have boon referred to as sideroehroiRes (7). 

Earlier leilands (8) described a method for tho estimation of the 
fezriohroae based on the autooxidiaable character of the reduced colorless 
form to the colored natural complex having an absorption maximum at 425 

In the present investigation it has been found that 
and related oospounds react with Folin-Ciooaltea reagent, under conditions 
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. . Bemaamtidtt «g goMont pad Jto—y 
jpoacmt nmo jpr^^arod and tiMi MMMqr oeiMteetad ^wtootialljr Meordiag ti> 

Ixnirx. Soaobfoagti* Farr and SoadUOl (9}« A l^OiO. aOLiiiMt af ouq^a 
eoatalnjUm 5*50 )tg in tJa* MMnro iwn|o ami 0.a ai aAt^ttot aaataiaiiic 1*10 pg 
tmrrUikrtmm in tka alero raaca i»ar« aqployod. 1%a final oelev ia aaasarad 
la a Iloit«dt«naaraaa «olailjiat<nf aitk filtar Be. 66 la tka mare natkedt ia 
tka alere aatlukl '^a aaaaarawKit is aada in a 1 an* eall with a Baaaah A l 4 Mib 
•pootifoalii tteleariawtor at 600 a|t. wr at 756 afi* 

totBfrir^l4m,,ftC,J^g,.l!«Hy^ Farrlohroao is the lroB*o«mtalniii< 
compound praaant in the e^Ia of getilaito ophaarogwia. Farriehroaa A is tka 
lron*blndlng eoapound saoratad into the eultara fluid of the same organism, 
under lron*defloiant conditions. A similar situation Is realized in B. erassa 
as well, where the normal mycelia eontain an iron-containing component having 
a close resemblance to the iron-binding compound Isolated from iron-deficient 
culture fluid of the same organism* The sample preparation for estimation 
is esientially according to Nellands (8) and has been tested with M. erassa . 

Briefly, the Iron-oontalnlng compound is isolated from H. erassa 
mycelia by phosphate buffer extraction (pH 7*0), The phosphate buffer extract 
and the buffer wash are pooled after centrifugation and saturated with 
aatnonium sulfate. A 3 ml aliquot of the supernatant-is shaken with 1 ml of 
benayl alcohol awd centrifuged. A 0.5 wl aliquot of the benzyl alcohol 
layer is then shaken with Is 10 water-ethor mixture and the water layer drawn 
ooUected. The ether-benzyl alcohol layer is then washed with 1 ml of 
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ft^aim 1, wlil^ Aim •iaaiard HMunr* olb^mijmA tme 

tmt±i»hpmm in tli« r«»||^ 5^5^ ]iii[» i« foand to a llnoar s>«iIati.m«M.i»* 

fiio of foot of oepi>mr m tko oolor 3 rioiM bao liooa toatod la tbls rarntm^ 1% 

Am foMwl tliat tito oaiaoioa of eoppor trm tko oXteoIiao roafont roanlta la a 
fall la tbo fiaal eolor jlold. thoagh iho liBoarlty la aialataiB«Kf. A 
alMllar llaaarlty la domonatrablo in tho oaao of the iron-blndini ooapound 
from H. eraasa as la ooldont front Tablo 1« Tho valaoa obtalnod with a standard 
protoln like borlne seraa albunln haoa also been givwn and the slderoehromas 
give greater color yields on weight basis. Ferrlehrome k falls In line 
with the other two, though the final color yield obtained wi«i each oontpound 
may be different. 

Table 2 indicatea the linaaid.ty obtained in tho range 1-10 jig of 
ferrlehrome when estimated by tho micromethod. In all eases tho final 
color yield obtained remains almost a constant from 30 to 60 min after 
addition of the Folin reagent. 

Hydrazine and hyJroxylamino do not give a detectable color in the 
range 5-50 pig but aooto- and bensohydroxamic acids give an appraeiable 
roaotlon, as is evident from the absorption curves doptetod in Fig. 2* 
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iBtiMatiatt ot feto K* jj ^igiaai. iyQ a»bindigg ^qwpowi^ l:y tha Folia a#fefaod 


dvtoHs ar» gXrmi. in tnnii 


€ta»>«Dtjrmti.o« 

qC 

joc/nl 

Alasorbanejr 


If. arassa oonoound 

Bovina nnintai albnaia 

10 

0.062 

0.024 

20 

0.128 

0,048 

30 

0.186 

0.068 

40 

0.254 

0.096 
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TABLS 2" 



111 y«^i.te MtiM 


Ib^ar&BurataX 4«talla mrm glir«a ia -tMCK^i alMimrl>a»4»9r imlaev rMfMurtad 
are ^io«* olftalaad a^ 6^ uft. 


Conoantratlon of farrlohroHM 
^/0»2 al. 


Abaorbanoy 


1 

Z 

4 

6 

a 


0.046 

0 .0S6 

0.168 

0.271 

0.357 

0.456 


10 






Uoonry of $m»d fmrMatmm mi JL mam Ompmd to 

mitm flsM 

m* pfHit in 10 ql a«0ia in 50 si toaiotl flasks 
in statlosaz^ sillitfs fir f$ it miw mmaX mi ires-ckfliliiit i^niiliosis* 
forsal sjsslla mr& j^ooSM and 10 gs of frsirii qjFstlla mttmmi sitli 25 ^ 
if pliespliati tmff^r (|| ?«®){ | si ms lalei!i for Iron-eontalnlng cofl^Mond 
•stisatlm. Ib iros daflilmi ^larss. 2 al if the cnU-tars flsld ms takas 
far ecmMmad sstlaatlds* Reoorery ralaas art r<^rt«d aftar 

doisg a fspar ekroaatigraiihf if tlia filial frsfaralios obtalsed as Isdlsatad 
is tli« tait* 


Siorcs 

Aksoriianojr 


10 )aig farrichroffle (A) 

0.088 

- 

10 Si! H. crassa eomsound (B) 

0.082 


3 ml n^celial axtract 

0.072 

«a 

3 al aycelial extract + (A) 

0.156 

95> 

3 ml ayeeUal extrict + (B) 

0.131 

95.0 

2 ffll culture fluid 

0.252 

. 

2 nl culture fluid + (A) 

0.33^ 

93.2 

2 al culture fluid + (B) 

0.311 

95.1 



32r9®-fjNi* f*»Tl0feraM (10) fir** 0um‘^0r jlald *« &t 
iataoi jr«rri<*rMi« aiadlarljr* e«l«r fioM for •!»! 

banaohj^iromTilo Mids la mt altered wIteB ttiigr Are ttaed aa f errlo etielatea. 

Dirt appUoabilltjr #f tlie aetlrtd to material has been, 

teeted ettli J|« sragaa, Alijieete of Imitmr eaitraet# of Remial 

ejreella and artltere fl»idt elMai the erianiim ia gromi toider ir«»iH^^neimt 
eoBditioiis* ha^e beep juroeoased no doaoiiLlrtii ia the.v.'.iOirtryieatal eeetlos* 
leesnrersr espeiriiae&ta .hafw bewg ferfoMted bf addLag hmim aeeaiita of fwrriehrtrtrt 
and the Jf/,. jih»*>»f[ lJtirt»h|iid|j|f oonqpeiind te the ihoaidtate b«ff<np eietraata aa 
as to the .ei0.t«re dhyu. 

Die final preparatiea from the aqroelia has bem fonad to oontaia 
traeea of amino aoida whioht homeeer* do not interfere in the preaent ayatea. 

If It is found that the interferenoe may be appreeiahLe in certain other 
biological samples» the final preparation hay be ehromategraphed on 
Vfhatman Ho.l paper and dereloped with 5^ methanol as solvent* In this 
system the slderoohromea have generally high Rf values and oan be easily 
detected as faint redciiah spots to the naked eye or as dark spots In OV light, 
at 10 pg level. Die spot can be cut at^ eluted ulth 5^ methanol and an 
aliquot used for estimation. It is seen from Table 3 that the method can 
operate with an overall recovery of 95^* 

BISCLBSIQR 

It appears that the main basis of the procedure rests on the 
interaction of the hydroxamlc aoid with the Folin reagent to td^ve a blue 
complex under alkaline conditions, Neither ferrichrome nor ferrlchrome A, 
Hhose structures have been established (10,11), contain any of the amino acids 
such as tyrosine which form the basis for Folin color reaction of proteins. 



H 

Sk* liMlv §$Mi3MPk%y' th# sldax^iehi^Mos Is tljs pjpsssncs of s ho^roacsisato 

stntotttim and slX 4tes 4lipss sldsroolirmss isslisd as wsUL as aes'too and botiso* 
amMm answor ths Folin a^saotlont disprc^rtlonatsly M«h 

#MlMr jpisids of fovriolirwno as eonpax^d to ths aooto* and innaaq^jrdroxasie aslds 
on a noiar tes|s m» .is svidoat trm mg^ t is sisiktas. flis my b» a 
•iiaz^'et^pistis of tko sldoro^upoato ffloIeeuXos^ mitk tkoir polTkfdroaaaftio 
tiuraetwr kota^t a oaatsibatoSF f«otor».. Idwsvor, tiko sotfaod is roptrodsolklo 
sltli saob of iijdroxaaiato e(»q>mind« £t is intovostini^ aoio tiuit 
kardrasiao and k^dscoorlaaSas foil to givo aaar ooior in lUso rango of ^s 
li(Fdsc»»8i« aslds tkoiaidt st tili^or ocmeontratlons tkOF also iatoraot. 

7he adsantagos of the guithod aro its simplioity and seositlTlty. 

For tko sothod based on oxidatioii*>redaotic»i roaetion of forrlebrofflo (8) 
estimations are possible in the range 30«^0 fig and it is more elaborate in 
aanipulatio»« In the Folin netbod of estimation oonoentrations as low as 
5 in the naero range and 1 in the miero rat^ce ean be aocurately 
determined. 


Interfering materials in biological samples, ganarally|proteinaeeons 
in nature, are completely removed by aamonittm sulphate saturation and benzyl 
alcohol extraction and. If necessary, by a subsequent paper chromatography. 
The entire procedure works out with an over-all recovery of 95%* 


1. A simple method has been devised for the estimation of 
siderochromes based on their reaction with Folin-Cioealteu reagent to give 
a blue complex under alkaline conditions. 

2. The applicability of the method to biological systems has 
bean tested with g. orassa and concentrations in the ranges 5-50 jig and 1-10 ^g 
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